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do these 


ETHYL AMINES 
fit into YOUR 
product picture? 


ETHYL AMINE 
© as a volatile alkali in process indus- 
tries. 
How you can @ as an intermediate for making: 
use them... 4 emulsifiers 
plasticizers 
dyestuffs 
| asa deflocculating agent in manutac- 
{ ture of ceramics. 


DIETHYL AMINE 


@ as an intermediate for making 
rubber accelerators 
insecticides 
pharmaceuticals 
dyestuffs 
@ its sulfamic acid salt is an effective 
flame-retardant plasticizer for paper. 


TRIETHYL AMINE 

© as an inhibitor for chlorinated sol- 
vents. 

© as an anti-livering agent in urea-and 
melamine-based enamels. 

e for solubilizing 2,4-D, a selective 
herbicide. Only 101 tb. of Triethyl 
Amine needed to neutralize 221 Ib. 
ot 2,4-D. 


All three of these amines are available in commercial quantities. 
One of them may be just the answer to your product or process 


7 CHEMICALS COMPANY ; problem. Investigate them now by asking for samples and informa- 


A Division of : tion on your company letterhead. Be sure to ask for technical 
_ Union Carbide and Carbon Corporation bulletin F-7408A, “Alkyl Amines.” 


‘90 Last 4200 Streot York 17, 


OTHER ALKYL AMINES 


When you are considering alkyl amines, keep in mind that 
CARBIDE alse supplies n-Butyl, Di-n-Butyl, Isopropyl, Diiso- 
propyl, 2-Ethylheryl, and Di (2-Ethylheryl) amines. Samples 
and technical data are available to help you evaluate them. 


*Commercial grade is a 70% aqueous solution. 
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Progress ROTARY SIFTERS 


OPINION AND COMMENT 


THE — FOR GOVERNMENT RESEARCH CONTRACTS 


PRINCIPLES OF REACTOR DESIGN—HOMOGENEOUS REACTIONS 
J. R. Caddell and D. M. Hurt ... 


CONSTRUCTION OF ACID RECOVERY—INDOORS OR OUTDOORS? 
H. S. Kemp, L. T. Mullen, and A. P. Guess ..... 


SAFETY AND OUTDOOR CONSTRUCTION Get Efficient,Large Volume 
DISTILLATION IN 2, 4 AND 5.75 INCH DIAMETER PACKED COLUMNS Sifting in Small Space! 


A. C. Heinlein, R. E. Manning, and M. R. Cannon ..... 


MIXED HYDROCARBON SOLVENTS FOR FATTY ACIDS AND THEIR TRIGLYCERIDES OU can crowd an unbelievable 

R. Bogosh and A. N. Hixson 3 volume of sifting, scalping or 

HEAT TRANSFER IN THE PROCESSING OF VISCOUS MATERIALS grading into small space with a 

E. Perry ond F. E. Reese BAR-NUN Rotary Sifter. Thor- 

CONTINUOUS FLOW STIRRED TANK REACTOR SYSTEMS—AGITATION REQUIREMENTS oughly womed end proved in bun 

R. W. MacDonald and E. lL. a 363 dreds of successful installations, the 

compact, economical BAR - NUN 

MASS ae — GASES THROUGH GRANULAR BEDS operates smoothly and efficiently on 

dry, fished, grenuler or powdered 

materials. Precision GUMP-BUILT, 

and exceptionally durable, it gives 

LETTER TO THE EDITOR . years of continuous 24-hour day and 

night service with minimum mainte- 

CAST ALLOY REFERENCE SHEET (No. 1) © 

4 to 50 sq. ft. of sieve surface. Check 

NEWS up on this top quality Sifter now. 

Let our capable engineers suggest 

PHOTOGRAPHIC EX’’ "'T AT ROCHESTER MEETING installations for your specific needs. 
DATA SERVICE ... No obligation, of course! 


SCHEIBEL EXTRACTORS IN PHARMACEUTICAL PRODUCTION. . 
TEAR OUT..PASTE ON LETTER- 
MARGINAL 
| HEAD AND MAIL TODAY! 
CANDIDATES FOR MEMBERSHIP IN A.LCh.E. 


FUTURE MEETINGS BAR-NUN ROTARY SIFTERS fer gred- 
NEWS ABOUT PEOPLE ing. scalping or sifting dry moterials. 
CLASSIFIED SECTION DRAVER FEEDERS for accurate, de- 
NECROLOGY 


POLLUTION ABATEMENT AND INDUSTRIAL WATER MANAGEMENT 
Cc. F. Houck 


dabi 


P velume percentage feeding. 


DRAVER MASTER Continuous Mixing 
Syst for ate, efficient, uni- 


VIBROX PACKERS fer packing dewn 

dry moterials in begs, drums, barrels. 

AUTOMATIC NET WEIGHERS for ec- 

vreighing frem3 en. te 75 ies. 
eng or pr 
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CORROSION CHECKED 
IN CAUSTIC LIQUOR LINES 
---AND ELSEWHERE 


WITH 18-8 MO TRIMMED 
CRANE ALLOY CAST IRON GATES 


These Crane low nickel alloy cast iron valves give excel- 

lent results in many services where conventional! “all-iron” 

and “brass trimmed” valves fail because of corrosive con- 

ditions. Today, they are also finding wider application on 

mildly corrosive services, or services where some corro 

sion is permissible, as substitutes for the more expensive, 

hard-to-get, all 18-8 stainless steel valves, In design and 

in materials, Crane No. 14477 valves have many value- No. 14477 Gate 18-8 Mo Trimmed. 
adding features like these: Working P. 200 pound 


. Id water, oil, or gas. 
STEM THREADS ARE OUTSIDE VALVE BODY — not exposed to erosive 
and corrosive effects of line fluids; simplifies thread 
lubrication. 


ACCURATE, TIGHT SEATING—extra long disc guides keep disc : 

; travel true; minimize drag on seating surfaces. Screwed-in Eusy to operate... 
shoulder type body seat rings do not loosen in service. 
PROVED CORROSION-RESISTANT MATERIALS—Body seat rings, Easy to service 

stem, and disc faces are 18-8 Mo; packing gland is nickel- 

plated steel; body, bonnet, and disc are nickel low alloy BOLTED PACKING 

: GLAND with swinging 

Com eye bolts equalizes 

EXTRA RESISTANCE TO LINE STRAINS assured by tie ribs between : . preseure on packings 

end and bonnet flanges. Husky body-bonnet flanges use 

more bolts of smaller diameter to equalize pressure on ia as 

gasket for maximum safety and tightness. 


! DEEP STUFFING BOX 

FOR COMPLETE INFORMATION abour these E with twe-piece bell- 

readily available, widely applicable and 

A . - maintains tight stem 

corrosion-resistant valves, see your 

Crane No. 49 Catalog, p. 375—or ask 

your Crane Representative for service : T-HEAD DISC-STEM 

recommendations and specification connection prevents 

data. ; 4 side strain on stem; 
gives flexibility for 
smooth operation. 


EQUIPMENT FOR EVERY PIPING SYSTEM 
STRAIGHT THROUGH 


General Offices: 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


VALVES . FITTINGS - PIPE . PLUMBING AND HEATING 
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Cross-section No. 14477 


The Aquila Lubricating Oil Refinery 
in Trieste was the first engineering 
contract let under an E.C.A. loan. 
Legal problems, language difficulties 
and labor deficiencies were taken 
in stride and Badger completed the 
job three months ahead of schedule. 


The refinery was designed and 
constructed by Badger and consists 
of a Propane Deasphalting Unit, a 
Furfural Plant, an MEK Dewaxing 
Plant and a Clay Contacting Unit. 
A full range of lubricating oils and 
finished waxes are manufactured 
with a maximum annual lube out- 
put of 32,000 tons. 


Badger’'s broad experience in foreign 


TRIESTE 


We are bringing to an end the tests on the furfural plant and dur- 
ing the next few days we shall start operations. 


From my office I can see the smoke of the stacks of the two 
heaters which are now drying out; it seems impossible to me that such « 
result could be obtained in this very short time. If I well remember, the 
first discussions on plant proportioning and our first meeting in Boston 
took place in August 1919. 


On the cocasion of the starting of the first luboil plant I wish 
to express you my sincerest congratulations for your wonderful way in organ- 
ising this work; you must be really satisfied with the successful result 
obtained 


inoerely, 


work is available for projects of every size all over the world. 


BOSTON 14 
LONDON £8. 


& SONS CO. «+ Est. 1841 


A SUBSIDIARY OF STONE & WEBSTER, 


Som Greet Bin) 


December 27, 1950 

a 7S Pitts Street 
Boston, Massachusetts. 
Dear Mr. Reliill, 

1 

‘ 

T.L. de Pastrovich 

3 Process Engineers and Constructors for the Petroreum, Lnemicar ana Petro-Chemical ss 


AUTOMATIC 


DOMOTOR — For Automatic Con- 
trol—Sealed piston in dome. 
actuated by internally con- 
trolled differential pressures, 
insures powerful stable valve 
action. Built-in null type po- 
sitioner unit. Light weight, 
economical and flexible with 
proven dependability. 


MANUAL 


HANDWHEEL — For Manval Con- 
trol — Perfect for those start- 
up periods or for operation 
during instrument repair. 
Provides positive manual 
control when desired or may 
be used as an adjustable limit 
stop. Incorporates advantages 
of continually connected con- 
trol valve without the usual 
mechanieal complications. 


The Combination Valve you asked for 


Now for the first time you get all the advantages of the powerful 
Domotor Valve plus the versatility of the Handwhee| Valve combined in 
one valve, The single seated, split construction body that has a'ready 
brought many advantages to valve buyers in the way of versatility, ease of 
maintenance and smooth flow has new made possible this newest 
achievement. The operational flexibility of this combination valve is 


‘limited — invents are reduced—no changeover time—and as 
all i precise of bard andle fluids is asstire<|. 
ay for complete in 


REMEMBER — Teflon Chevron pack 


d equipment on 
all Annin Valves for over two years. 


ANNIN CONTROL VALVES 


THE ANNIN COMPANY 
3500 Union Pacific Avenue, Los Angeles 23, California 
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serving the Pharmaceutical Industry 


Used in the preparation of pharmaceuticals and as a dye intermediate. 


White to slightly yellow powder 


THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 


Please send me an experimental sample of 3-Methyl-1-Phenyl-5-Pyrazolone. 


CHEMICALS 


INDISPENSABLE 


TO InDUSTRY 
AND AGRICULTURE 


Vol. 47, No. 7 


‘ one of many chemicals | 
Boiling point at 17 mm. Hg......... 191°C. 
o=-c N Melting 
CH, 
i 
| 
| 
| 
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Our ability to help meet the anode requirements of the electrolytic 
industry at this time is made possible by our entry into the field of 
anode manufacture several years ago. 


Making dependable anodes requires a high degree of technical com- 
petence—a competence we have gained through many years of 
experience in supplying the electrothermic industry with high quality 
electrodes. 


Our test and developmental laboratory at Niagara Falls, N.Y.—the 
extensive scientific facilities at Great Lakes Carbon Corporation's 
modern research laboratory at Morton Grove, Ill.—and our superbly 
designed and equipped plant at Morganton, N.C.—enable us to manu- 
facture anodes that stand the test of comparison. 


Plants at Niagara Falls, N.Y., and Morganton, N.C. 
Sales Offices at Niagara Falls, Chicago, 
Pittsburgh, Birmingham, Los Angeles and 
New York 


GLC ELECTRODE DIVISION 


FALLS, 


PRODUCTS OF GREAT LAKES CARBON CORPORATION 


Electrode Division 

Graphite anodes. Graphite 
and amorphous carbon elec- 
trodes. Carbon and graphite 
specialties. 

Oil and Gas Division 

Crude petroleum and natural 
gas. 


Chemical Engineering Progress 


Carbon Division 

Petroleum coke. Calcined 
petroleum coke. Industrial 
carbons. 

Dicalite Division 
Diatomaceous silica for filter- 
aids, fillers and insulating 
uses 


Perlite Division 
Perlitelightweight aggregates 
and products for the building, 
oil, foundry and other indus 
tries. Perlite ore 


Merchant Coke Plant 
Premium foundry and indus- 
trial coke. Coke co-products 
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Looking for ways to make old things BETTER? 
Looking for ways to make new things POSSIBLE? 


Lock into KINNEY 
VACUUM PUMPS 


More vacuum processes depend on this “vacuum 
powerhouse” than on any other type or make of 
pump. More new developments — new products, new 
improvements in old products — are made possible 
and practical by this pump. Every day, more and 
more engineers use this pump to make their vacuum 
dreams come true — in the laboratory, the pilot 
plant, the production line. 

Have you looked into Kinney Vacuum Pumps? Do 
it today — just fill out and mail the coupon. KINNEY 


COUPON 
KINNEY MANUFACTURING CO. 


TODAY FOR 


MANUFACTURING CO., Boston 30, Mass. Repre- 
sentatives in New York, Chicago, Cleveland, Houston, 
New Orleans, Philadelphia, Los Angeles, San Fran- 
cisco, Seattle. 


FOREIGN REPRESENTATIVES: General Engineering Co. (Rod- 
cliffe) Utd., Station Works, Bury Rood, Radcliffe, Lancashire, 
England * Horrocks, Roxburgh Pty. Lid. Melbourne, C. |. 
Australia * W. S. Thomes & Taylor Pty., Lid. Johannesburg, 
Union of South Africa * Novelectric, Lid., Zurich, Switzerland 
* CARE, Piezza Covour 25, Rome, italy. 


COMPLETE 


32406 WASHINGTON ST., BOSTON 30, MASS. 


Vol. 47, No. 7 


INFORMATION 


Lest 

= 

— 

Gentlemen: 1 

Please send illustrated Bulletin We cre 

we Vecuum exhausting Vacuum distillation 
Vacuum coating CD Vecuum metallurgy 

Vecuum dehydration City State 

“st Pt Chemical Engineering Progress Page 9 


CHEMICALS 
ON THE 
MOVE 


6 Tons Per Hour— 
Around Corners— 
Without Spillage or Contamination 


Protection during handling for an ingredient used in a weed killer 
compound required conveying equipment that would prevent loss 
by spillage and keep the material free from outside contamination. 

S-A engineers were able to recommend and furnish conveying 
equipment designed to fully meet the users requirements and operate 
at the lowest cost per ton of material handled ...a task which for 
50 years has been the S-A engineers full time occupation. 

Each handling problem calls for special attention to insure a con- 
veying system that will serve most efficiently at lowest cost. S-A engi- 
neers are backed by long experience and a complete line of manufac- 
tured equipment units. Consult with S-A on your next bulk handling 
problem ... you are under no obligation by doing so. 


50 years experience 4 with bulk handling 
STEPHENS" pamsoNn 


57 Ridgeway Avenve, Aurora, Illinois COS 105 Angeles, Calif. + Belleville, Ontario 


REDLER HORIZONTAL, 

CLOSED CIRCUIT CONVEYORS 
The REDLER horizontal closed-circuit con- 
veyor shown above is part of a handling 
system for moving chemicals from storage 
to processing. Sealed REDLER casing 
construction and dust-tight gates safeguard 
materials, keep them on the move at 6 TPH 
and prevent overflows or clogging. Com- 
pact REDLER design permits installation 
around existing columns and beams. Closed- 
circuit feature allows material not imme- 
diately drawn off at discharge to be recir- 
culated until needed. 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 
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Girdler HYGIRTOL* Plant at Bureau of 
Mines Synthetic Liquid Fuels Plont. it 
furnishes both pure hydrogen and 
verious mi of “synthesis gas”. 


Girdler gas plant speeds synthetic fuels 
process development 


NGINEERS of the U. S. Bureau 
EB of Mines believe that the de- 
velopment of processes to produce 
synthetic liquid fuels will provide 
a potent wartime ace-in-the-hole. 

At the Bureau's plant near Pitts- 
burgh, pilot operations are bring- 
ing such processes closer to perfec- 
tion. Here a Girdler HYGIRTOL* 
Plant first converts natural gas into 
hydrogen and “synthesis gas"—a 
mixture of hydrogen and carbon 
monoxide. Experiments seek to 


develop the best process for subse- 
quent conversion of the synthesis 
gas to liquid hydrocarbons. 

In a pilot plant operation such 
as this, operators must be able to 
change conditions and gas mixtures 
frequently. With the HYGIRTOL 
Plant mixed gas ratios can be varied 
over a wide range—from 1:1 to 4:1. 
Although large quantities of gas 
are produced, mixture ratios can be 
maintained within 0.2 per cent. 

Such control and flexibility 


simplify experimentation and speed 
up results. If efficient gas process- 
ing is necessary in your operations, 
let us help you too. The Girdler 
Corporation, Gas Processes Div., 
Louisville 1, Kentucky. 


WRITE FOR FREE BOOKLET 
It describes Girdler services in design- 
ing and building plants 
to produce, purify or use 
chemical process gases 
and plants to purify liquid 
or gaseous hydocarbons. 


*HYGIRTOL is a trade mark of The Girdier Corporation 


FOOLER 
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Glass-Lined 


How You Can Solve Heat Exchange Problems 
with PFAUDLER GLASS-LINED EQUIPMENT 


If you are processing corrosive solvents at elevated temper- 
atures or pressures, Pfaudler glass-lined equipment offers a 
practical solution to your heat exchange problems. And 
Pfaudler glass is resistant to more corrosive substances than 
almost any construction material, many of which are crit- 
ically short. 


PFAUDLER DOUBLE-JACKETED aglass-lined shell and 
thimble condensers are built with internal and external 
water jackets in many capacities. They are compact and easy 
toinstall. You may use them for refluxing by mounting them 
on a standard glass-lined still, or you can arrange them for 
distillation by simply including glass-lined pipe and fittings. 
Cendensing capacity is approximately | gal./sq. ft./hour at 
atmospheric pressure based on water from water (cooling 
water at 55°F.). 


Pfaudler 


PFAUDLER JACKETED glass-lined return bend heat ex- 
changers function efficiently through true counter-current 
flow and high vapor velocity. Tangential jacket connections 
and restricted jackets promote rapid circulation for im- 
proved heat transfer. Made of Pfaudler jacketed glass-lined 
pipe, these heat exchangers are used as condensers for either 
refluxing or recovering distillates, or as pipe lines to carry 
liquids which solidify at room temperature. They require a 
minimum of headroom and are ec ical to bl 

Available in almost any capacity from pipe of 14 in. and up. 


OTHER PFAUDLER HEAT EXCHANGERS include shell 
and tube types made of any alloy or karbate. Pfaudler plate 
type heat exchangers are also available for high temperature 
short time heating or cooling of many liquids. If you have a 
heat exchange problem, take it to Pfaudler. 


THE PFAUDLER CO., Dept. Rochester 3,N.Y. 
We have a problem of 
from__.___._te______. What type of heat 
exchanger would you recommend? 


Name 


THE PFAUDLER CO., ROCHESTER 3, N.Y. 
ENGINEERS AND FABRICATORS OF CORROSION RESISTANT PROCESS EQUIPMENT Company___ 
GLASS-LINED STEEL—Hastelloy * Aluminum + Tantalum * Teflon Addr 

Carbon Steel * Solid or Clad Stainless Steel * Nickel * Inconel * Monel 


J 
ts) uit 
| 
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THE CASE FOR GOVERNMENT RESEARCH 
CONTRACTS 


ANY companies now face a troublesome question: to 
take or not to take government research contracts. 


Such a contract has certain obvious disadvantages. It 
means entanglement with the red tape of the government 
bureaus and the armed forces; it often calls for dealing with 
people who have little understanding of research; it exposes 
the company, after the emergency is over, to the unjustified 
charge by demagogues that industry has used public funds to 
acquire patents and other advantages ; because of the military 
security involved it complicates research administration and 
hampers the exchange of technical ideas within the research 
department; and, most important, it diverts precious man- 
power and facilitates away from the primary objectives of 
the organization. 


For the technical employee, a research contract with the 
government has some of the same disadvantages it has for 
the company. Security regulations, for example, are a per- 
sonal annoyance; they are also undesirable because they 
necessarily reverse the industry trend toward freer publica- 
tion of research results. 


These disadvantages to the company and to the individual 
research man cannot be denied. However, the benefits to the 
nation arising from government research contracts with in- 
dustry are substantial. The basic point, in the author's 
opinion, is that industry can do virtually any research job 
better, quicker, and cheaper than government can. There are 
a number of reasons. Industry research is more efficient than 
government research. Competition is as severe in research 
as in other segments of the industrial system, and it weeds 
out the less effective of the industrial organizations. This 
beneficial effect of competition is not available to government 
research. 


In striving for a competitive position, industrial research 
has sought out and secured highly competent research admin- 
istrators. The government is handicapped by shortsighted 
policies on salaries to be paid professional men, and attempts 
to operate with less talented personnel. When the Office of 
Naval Research sent a questionnaire to scientists leaving 
government positions, one of the principal areas of dissatis- 
faction was found to be the poor quality of the technical 
administration, particularly at the higher levels. 


The demands of the defense program require a great in- 
crease in military research and development effort. If indus- 
try is not prepared to accept its share of this load, the 
alternative may be the creation of large new, hastily organ- 
ized government laboratories. This step would inevitably 
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drain men from industry, whére they have been functioning 
effectively, and so would be wastetul of scientific manpower. 
Industry has at its disposal competent research teams, which 
might be directed to the solution of the more important de- 
fense research projects. These teams should be maintained 
intact, so that they may work with maximum effectiveness. 


While the national interest represents the chief incentive 
to industry to take government research contracts, there are g 
incidental benefits. A number of research men in industry 
are subject to reserve call or to the draft, and these men are J 
important in a time of shortage. Government research con- J 
tracts may help to hold these key men in industry. War in] 
Europe might create hysteria to draft technical men, but there | 
seems a good chance that better sense would prevail. At a 
time when we may have to fight a highly technical war, the 
draft obviously ought to leave intact research teams working 
on chemicals, petroleum products, electrical equipment, and 
many other items. These are areas in which the country can- 
not afford to be wrong. In the last war, we were wrong too 
often. As just one example, poor design of American tor- 
pedoes caused the failure of many of them to explode when 
they struck Japanese ships. There is no way to determine J 
accurately the harm that comes from poor-quality weapons 
and matériel. On the average, however, when an agency puts J} 
a scientist or engineer into a position not requiring his full § 
professional abilities, it may be signing the death warrant 
of a number of American soldiers and sailors, who are 
thereby forced to use less effective weapons or equipment 
The engineer and the research scientist who wish to make 
their maximum contribution to the defense effort will stay 
in industry, however much they would like to get into the 
actual fighting. 


When all these factors are considered, it appears that in 
dustry is well advised to accept a reasonable amount of 
government work. This is true even if departments must be 
expanded to handle government contracts. Companies should 
look ahead five or ten years, and try to decide what their 
future requirements will be. Prompt expansion up to those 
limits (to the extent that men are available) represents a 
most efficient method of aiding the national defense, and one 
that will place industry in a strong position to serve the 
economy after the emergency is over. 


Government contracts may involve headaches for research 
administrators now, and undeserved brickbats for the com- 
pany later. There will be more than compensating desirable 
results, however, as regards technical personnel, the im- 
mediate national safety, and the long-range public welfare. 


R. C. Gunness 
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LOUISVILLE DRYER saves $45,000 yearly 
for a leading pharmaceutical plant 


KNOW THE 
RESULTS 


45 minutes—instead of almost 24 hours for drying! 
Contamination reduced to zero—no need for reprocessing 
Hie a $0.123 per 100 Ib. 90,000 Ib. of crystalline chemical every year— 
(spoce required, 300 sq. ft.) at a cost of 50c per 100 Ib. 
; It all happened when a Louisville engineer examined 
this plant’s old batch type drying process, and 
| YEARLY SAVINGS _| recommended the installation of a specially-designed 
Louisville dryer. The drying method was pre-tested in 
our own research laboratories and pilot plant for its 
IN DRYING COSTS ability to “deliver the goods.” 
If high drying costs and low drying performance are 


bothering you these days, call in a Louisville engineer. 
ALONE... 88,300 There is no obligation. 


Louisville Drying Machinery Unit 

Ask for new treatise on subject of rotary dryers $s EQuipmen Over 50 years of creative drying engineering 

Other General American Equipment: see GENERAL AMERICAN TRANSPORTATION 
Turbo-Mixers, Evaporators, Thickeners, CORPORATION 


Dewaterers, Towers, Tanks, Bins, Dryer Sales re ye Fourth Street 


Filters, Pressure Vessels General Offices: 135 South La Salle Street, Chicago 90, Illinois 
Offices in all principal cities 
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PRINCIPLES OF REACTOR DESIGN 


HOMOGENEOUS REACTIONS 


J. R. CADDELL and D. M. HURT 


Du Pont Company, Wilmington, Delaware 


For a generally useful development of reactor design principles, classifi- 
cation of reactors on the basis of the number and type of reacting phases 
involved is shown to be more satisfactory than the earlier unit process 
concept. 


A simplified method is presented for (1) correlating kinetic data of 
homogeneous reactions in order to calculate optimum reaction condi- 
tions from a minimum amount of experimental data, and (2) applying 
such rate data in the design of homogeneous reaction equipment. This 
procedure intentionally omits mathematical exactitude with respect to 
minor variables to the extent consistent with the accuracy required for 
engineering design. Simplification is obtained by: (a) use of the num- 
ber-of-reaction-units concept (a dimensionless number including reaction 
rate constant) as a measure of reactor performance. This concept, previ- 
ously employed only with first-order reactions, has been extended to 
cover other cases encountered in industry, (b) use of identical equations 
for both constant-pressure and constant-volume reactions, and (c) use 
of graphical solutions of kinetic rate equations to avoid repetitive 
calculations. 


HE rational design of chemical re- cept. The phase classifications for all 
actors presents one of the most chal- reactions and reaction equipment are 
lenging problems in the field of chemical given in Table 1. Classification of reac- 
engineering. Today's highly competitive tions is based on reactants only. For 
economy demands much more than a_ purposes of definition, all catalysts are 
mere multiplication of laboratory units considered as reactants; thus, when all 
when expanding to plant capacity. Re- reactants (including catalysts) are in a 
actor design, in its broadest sense, thus single phase the reaction is homogen- 
must include the determination, by com- eous. 
parative evaluations, of the economic In industrial work, applied reaction 
optimum type, size, and shape of equip- kinetics must be considered solely from 
ment for any specified capacity and per- the standpoint of its value as a labor- 
formance. saving device. In other words, the broad 
In any general study of reactor design 
principles, it is desirable to exploit broad 
principles of similarity. It has been our 
experience that classification of reactors 
according to the apparent order of re- 
action and according to the number of 
reacting phases provides greater simi- 
larity than the earlier unit-process con- 


Homogeneous 
. Gas phase 


. Liquid phase 
. Solid phase 
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. Gassolid phases 
Gas-liquid phases 
Liquid solid phases 
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principles of classical kinetics are util- 
ized primarily to minimize the time re- 
quired to develop complete rate data 
and design information tor certain 
specific reactions. In line with thi 
viewpoint, simplified procedures al 

have been developed for analyzing rea 

tion data and for sizing plant equipmer 

Mathematical exactitude with respect ® 
minor variables is omitted to the extedit 
consistent with the accuracy required {@ 
design. 

It has been found convenient to en 
ploy the number-of-reaction-units cot 
cept as a measure reactor pertorm> 
ance. This term is a dimensionle@ 
number which includes the reaction rai 
constant of conventional rate equatior 
Heretofore the number-of-reaction-unt 
concept has been applied only to fir 
order reactions. In the current wo 
this concept is extended to cover oth 
cases met in industrial practice. 1 
number-of-reaction-units concept 
broadly analogous to the transfer-w 
concept used in diffusional rate pr 
esses. The number of reaction units 
numerically proportional to the size 
equipment required, 

Application of reaction kinetics pri 
ciples has been simplified by using iden* 
tical equations for both constant-volume 
and constant-pressure reactions. Com- 
plex equations are avoided by treating 


1.—CLASSIFICATION OF REACTIONS 


Reactants Plus Catalysts But Not Products 


Heterogeneous 
4. Liquid-liquid phases 


5. Solid-solid phases 
6. Gas-liquid-solid phases 
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FRACTION OF EQUILIBRIUM CONVERSION, f 


Fig, 1. Number of reaction units vs. fraction of equilibrium conversion. This chart 
is @ graphical solution of the rate equations given in Table 2. A detailed procedure 
for using these curves is given in Table 3. Where two reactants are present, / 
refers to the one present in lower concentration. For second-order equations, a 
family of curves is given for various possible ratios of initial reactant concentrations. 


the actual conversion as the fractional 
approach to equilibrium conversion. Re- 
petitive calculations are avoided by the 
use of graphical solutions for the kinetic 
rate equations. 

A brief summary is presented of the 
methods for: (1) correlating the kinetic 
data of homogeneous reactions in order 
to calculate optimum reaction conditions 
from a minimum amount of experimen- 
tal data, and (2) applying such rate 
data in the design of homogeneous re- 
action equipment. 
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Procedures demonstrated herein for 
homogeneous reactions may be applied 
also in the heterogeneous field. How- 
ever, in this latter case they apply only 
to the chemical, or nondiffusional com- 
ponent of the over-all rates. 


Correlation of Test Data for 
Homogeneous Reactions 
Experimental Check for Homogen- 
eity. Experimental data may be treated 
by homogeneous methods if it can be 
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shown that conversion, for a given time 
of reaction, is essentially unaffected by 
a change in the surface-to-volume ratio 
of the reactor. The surface-to-volume 
ratio should be varied by as large a 
factor as practical, and in no case should 
the factor be less than two, as otherwise 
errors in measurement of other variables 
may render the results inconclusive. 


Apparent Order of Reactions. Knowl- 
edge of the apparent order? is used to 
determine the influence of operating var- 
iables so that optimum conditions for 
carrying out a reaction can be predicted 
from a minimum number of experi 
ments. The value of such information 
is that of extrapolation and interpola- 
tion. 

The rate equations for apparent zero- 
order, first-order, and second-order re- 
actions are tabulated in Table 2. These 
equations can be used for reactions at 
constant pressure or at constant volume. 
Extrapolation should normally be limited 
to doubling the maximum or halving the 
minimum number of reaction units as 
measured experimentally. For this range 
of extrapolation, the relative error in 
neglecting volume changes is a maxi- 
mum of 10% of the number of reaction 
units when no inert diluents are present, 
and decreases as inerts are added. Use 
of the graphical solutions of the rate 
equations (Fig. 1) saves appreciable 
time in analyzing reaction data. The 
procedure for obtaining corresponding 
values of f, Np, and @ is given in 
Table 3. 

Apparent third-order higher- 
order reactions are rare. While these 
may be treated by the same methods as 
lower orders, the material is considered 
to have insufficient general value to be 
included here. A commercially impor- 
tant reaction is the third-order reaction 
that occurs in the ammonia oxidation 
process for manufacture of nitric acid, 
2NO + O,~2NO,. In practice this 
step is combined with a concurrent gas- 
liquid reaction and should be considered 
as a special case rather than a repre- 
sentative example. 

In general, determination of reaction 

order provides the most information 
from few data, but there are three cases 
in which knowledge of the apparent or- 
der is not useful or essential. They 
are: 
t The apparent order of a reaction is a 
classification according to the number of 
molecules that appear to enter into the re- 
action. Apparent order is determined by the 
relationship that exists, at a given temper- 
ature, between the rate of reaction and the 
concentration of reactants. The treatment 
of applied kinetics given in this paper is 
based on apparent order. This is not neces- 
sarily coincident with true order, and no 
knowledge of the latter is required. 
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TABLE 2.—KINETIC EQUATIONS FOR APPARENT ORDERS OF REACTIONS 


Homogeneous Reactions 
Apparent 


Order Rate Equations Characteristic Graphs 


The time required for conversion of a given frac 

on tion, f, is proportional to the initial concen 
tration, Cae; for example, doubling the con 

centration doubles the time for a given f 


The time required for conversion of a given 
fraction, /, is not affected by a change in the 
concentration 


Second The time required for conversion of a given 
fraction, /, is inversely proportional to the 
Unequal initial concentrations; doubling the concen 
concentrations } trations reduces the time by one ha 

two reactants are present, / refers to 
concentration. The 
Cro < Cre concentration of the other reactant is shown 
with time on the abscissa of the eV e-time plot 


Second 


Equal con 

eontrations : The time required for conversion of a given 

fraction, f, is inversely proportional to the 

Cae = Cre initial concentrations: doubling the concentra 
(a) , tion reduces the time by one half 


6 


_ (a) If the initial concentration, Cas = Cae, the reaction is kinetically (b) Although this equation is «strictly valid only for irreversible reac 

similar to one in which two moles of a single reactant react to form tions, it is included in order to explain more clearly the remarks on 

products, concentration and rate of reaction. This equation is not needed in solving 
practical design problems by the method outlined in this paper 


TABLE 3—PROCEDURE FOR OBTAINING CORRESPONDING VALUES OF f, Na, AND @ 
Homogeneous Reactions 


This chart outlines the procedure for using the graph appearing in Figure 1 in order to obtain corresponding values of f, Na, and # For 
purposes of example it is assumed that (1) the apparent order of reaction has been established as first order, (2) a few values of f ws. @ as needed 
to determine apparent order are available, and (3) it is desired to obtain complete information on corresponding values of f, Ne, and @ over the range 
of 0-99% conversion. In this manner both steps of going from f to Na and Ne to f can be illustrated with one example. In a given case only part 
of this procedure may be pertinent depending on the data at hand 


Operation Steps to be Taken Remarks 


Tabulate experimental data on conversion vs See Table A below Experimental data are for @ and / only. For 
time of reaction values of Ne refer to operation number 2 
Obtain values of Ne corresponding to the Refer to Fig. 1. For this example (apparent first order) the 
experimental values of f corresponding values are shown in Table A 
Plot the values of Ne vs. the appropriate Refer to Table 2 for the correct function. For this example (apparent firet order) the 
function of Cae and @. See remarks and plot is Na va. @ 

figure below 


Extrapolate the Ne curve and complete tables Read values of f corresponding to given values A sample table has been completed, Table B 
‘ig. 1 


Na, and @, or prepare plots of f wa. @ of Ne from the chart, 


A See page 334 for limits of extrapolation 
or Ne vs 


TABLE B--CORRESPONDING VALUES 
OF 4. f, AND Ne 


TABLE A.—EXPERIMENTAL DATA 


6 min 


0 
50 
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NUMBER OF REACTION UNITS, 


20 40 


60 80 10.0 


Cao ©, (UNIT CONCENTRATION OF B, MOLE/Gu.Ft)- (TIME, MIN.) 


Fig. 2. Determination of apparent order for reactor design example; isothermal 
reaction at 50° C. 


If the apparent order is fractional (the 
rate characteristics are between those 
for zero and first or first and second 
apparent orders as shown in Fig. 1), 
information on the apparent order is 
not generally useful because interpola- 
tion and extrapolation are not reliable. 
The order of reaction need not be de- 
termined where complete rate data for 
all conversion levels and reactant 
concentrations of potential interest arc 
already available trom a large number 
of experiments 

Knowledge of the apparent order of 
a reaction is not essential where ob 
vious economic considerations limit 
the concentration of reactants. In this 
case, one can obtain experimental rate 
data for the permissible concentration, 
and design directly from these 


Determination of Reaction Order. 
With one reactant, it is assumed that 
the reaction is either first or second 
Order. Values of and corre- 
BSponding to the experimental data on 
fractional conversion are plotted and 
@xamined for linearity. If a straight line 
fits the data on a plot of ,Vp vs. @, the 
Feaction is apparent first order; if a 
Straight line fits the data on a plot of 
aVe vs. C48, the reaction is apparent 
Second order. If a straight line fits the 
@ata on either plot equally well, the data 
Bre inconclusive, or the apparent order 
may be fractional. 

With two reactants, it is assumed that 
the reaction is second order, and the 
values of Nz are read from the appro- 
priate curve (Fig. 1) corresponding to 
the ratio of initial concentrations. If a 
straight line fits the data on a plot of 
vs. (where the concentration 
of reactant B is greater than A, see 
Table 2), the reaction is second order 
with each component having a first-order 
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effect. If a straight line does not fit, 
closer examination is required. It is 
then necessary to have data on the con- 
version of each reactant while the other 
is in large excess. These results on con- 
version are then examined as for a 
single reactant. The reaction may be 
first or second order with respect to 
either reactant. 


Multiple Reactions. There are two 
types of multiple reactions, consecutive 
and simultaneous, and it is important to 
distinguish between these in order to 
obtain optimum ratios of products 
through proper variation of reaction 
conditions. With multiple reactions, the 
reaction time (equipment hold-time) 
depends on the events that result from 
the several reactions. Complete treat- 
ment is not given in this paper, but 
major considerations are discussed 
qualitatively. 

In consecutive reactions the original 
reaction is followed by one or more sub- 
sequent reactions in which the products 
first formed decompose or react with 
each other or reaxt with the feed to form 
a new set of final products. The chlor- 
ination of methane is an example. 


CH, + Cl, = CH,Cl + HCl 


CH,Cl+ Cl, = CH.Cl, + HO 


CH,Cl, + Cl, = CHCl, + HCl 
(3) 


CHCl; + Cl, = CCl, + HCl 
(4) 
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The ratio of products is a function of 
(1) the feed gas composition, (2) time, 
and (3) the rates of the individual re- 
actions. Individual reaction rates are 
obtained from a series of separate tests 
with each intermediate. For example, 
in the chlorination of methane, the rate 
of reaction 2 is found by reacting a 
large excess of CH,Cl with little chlor- 
ine. Under these conditions, the chlorine 
is used almost entirely to form CH,Cl.; 
the reaction is apparent first order (with 
respect to chlorine), and the rate can be 
determined. Having obtained rate data 
for each individual reaction a general 
solution may be made (involving some- 
what complex mathematics) or specific 
solutions of interest may be evaluated 
through relatively simple (but somewhat 
lengthy) stepwise calculation. 

In simultaneous reactions the reac- 
tants are capable of reacting in more 
than one way to form different products, 
and several reactions procec! simultan- 
eously. The esterification of phthalic 
anhydride and butyl alcohol with acid 
catalysts is an example. 


C,H,(CO).0 + 2C,H,OH > 
H,O 


*CgH,(CO).0 + yC,HgOH 
Tars (color-iormers ) 

(5) 
Each of the several possible reactions 
has its own characteristic rate, one 
usually being much faster than the 
others. The total rate of disappearance 
of the reactants is the sum of the rates 
of the individual reactions. The ratio of 
products is a function of (1) time and 
(2) the individual reaction rates. li the 
separate reactions are of different order, 
the ratio of products will also be a func- 
tion of the concentration (partial pres- 
sure) of the reactants. It should be 
noted that, in general, the ratio of prod- 
ucts from simultaneous reactions is not 
dependent on the feed composition. Ob- 
servation of the effect of feed gas com- 
position may be used in most cases to 
determine whether the reactions are si- 
multaneous or consecutive. 

The desired ratio of products may be 
obtained by varying either (1) time of 
reaction, (2) concentration of reactants, 
(3) temperature of reaction, or (4) by 


TABLE 4 


Fraction 
of Equili- 
brium Con- 
——Reaction version, f 
Time, with Respect 
4, min to A 


Concentration of Reactants 
mole/eu.ft. of solution 


Cre 
0.05 5 o* 

0.05 6.79 
0.05 0.075 0.86 


“These values are given to show that the 
origin is a “free” point in plots of Ne vs. @. 
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TABLE 5. 


Value of / 
the Fraction 
of Equili 
briuam Value of sNe 
version with Corresponding 
Respect to to Values 

Reactant A of 
19 
15/1 5 


Ratio of Re 
actant Oon 
centrations 


heterogeneous 
temperature 


using homogeneous or 

catalysts. The time and 
should be checked first. It may be that 
the individual have widely 
different temperature coefficients. If the 
desired ratio of products can not be ob 


reactions 


tained easily by varying time, temper- 
ature, or concentration, the use of cata- 
lysts should be explored. 


Effect of Temperature on Reaction 
Kate. Rates of chemical reactions in- 
crease or decrease with corresponding 
changes in the temperature at which the 
reactions are carried out. In general, 
homogeneous reactions are run at the 
highest temperature consistent with the 
dictates of equilibrium, side 
and the cost of heat. Opera- 
tion at any lower temperature results in 


corrosion 


reactions 


a slower reaction and reduced productiv- 
ity. Thus, as temperature changes, plots 
of f, the fraction of equilibrium conver- 
sion ys. time will also change. Note that, 
if the equilibrium should decrease ma- 
terially, the fraction of equilibrium con- 
version corresponding to a given number 
of reaction units might actually repre- 
sent the production of a smaller amount 
of material. 

Data on the rate of reaction at differ- 
ent temperatures are used (1) as the 
basis for an economic balance between 
the size of the reactor and the cost of 
reaching and maintaining the tempera- 
ture of the reaction; (2) 
the optimum balance between size of 


to determine 


(3) in 
the case of reversible reactions to deter- 
mine, in addition to the foregoing, the 
economic optimum operating tempera 
ture. The temperature of reaction affects 
both the rate of reaction and the equi 
librium. 

The rate of reaction is related to tem- 
perature by the Arrhenius equation, 


k = (a) 


reactor and conversion per pass ; 


In this paper the following form involv 
ing the number of reaction units, Np, is 
used to express the effect of temperature 
on the rate of reaction: 


for apparent first-order reactions, 


(c) 


Application to Plant Design 


Application of kinetic information is 
illustrated with the design of homogen- 
The 


panying example shows the use of re 


eous reaction equipment accom- 


action kinetics in sizing equipment; no 
economic calculations are detailed but 
the results of such evaluations are stated 
where necessary to this example 


Statement of Problem 


A plant process is discharging 1000 Ib./hr 
of an aqueous solution contaming 0.05 mole 
cu.ft. of material A. It is desired to convert 
this waste into a useful product, C, by 
reacting | with material B, to form 
the product, C. Apparent economic consid 
erations indicate that 4 should be reacted 
at the available concentration. The addition 
of B has negligible effect on the 
volume. The specific volume of the solution 
is 0.12 gal./lb. Reaction temperature is 
limited to 50°C. because material 1 is 
temperature-sensitive As the first step in 
an evaluation of alternative designs, it is 
desired to calculate the size of (1) a batch 
kettle, (2) a pipe-line reactor, (3) a singk 
continuous kettle, and (4) each kettle in a 
series of three equal-volum- cascade kettles 
A conversion of 98% is to be obtained, anc 
the reaction is essentially irreversible 


Experimental Data. Some data from 


hatch operations * as shown in Table 4, are 
available for the reaction of 
50° ¢ 


A and B at 


*A similar treatment would be used if 
these data were from a pipe-line reactor. 


TABLE 6. 


Fraction of 
Number of Equilibriam 
Reaction Conversion, 
Units with (from curve 
Respect to Fig. 8, for 
Reactant A 2/1 ratio) 


Reaction Time, @, Mir 


Cre 
1.0 mole 1 mole 
eu ft cu.ft 
0.30 

0.63 

0.72 
0.835 
805 
1933 
0.958 
0972 
ooR4 
0.988 


Development of Kinetic Data 


1. Assume that the reaction is second 
order and prepare a plot as shown in Figure 
2. The fractional conversion and values of 
Ve are always referred to the component ot 
lowest concentration (4 im this case); 
concentration of the other reactant (/) is 
then plotted with @ on the abscissa. A 
straight line fits these data thus confirming 
the assumption that the reaction is apparent 
second order. The values of Ne corre 
sponding to the experimental data are 
shown in Table 5 

2. Determine the concentration of rea 
tant B that is to be used. In this example 
an economic evaluation of the 
separating the product C from unreacted /! 
indicates that the optimum corresponds to 
feeding B to yield an initial concentration 
of 0.10 mole/cu.ft. of solution 
3. Use Figure 2 for interpolation and ex 
trapolation to obtain several values of Ve 
vs. @ for the economic ratio of reactants 
(2/1 in this case). Corresponding values of 
f are obtained from Figure 1. These values 


costs ol 


OF COMPONENT A 


FRACTION OF EQUILIBRIUM CONVERSION, f, 


40 


60 


REACTION TIME 6, MIN, 
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Fig. 3. Determination of equipment hold-time for reactor design example. A plot 
of conversion vs. reaction time in batch equipment at 50°C. and with «, 
mole/cu.ft. and with (», 


0.05 
0.10 mole ‘cu.ft. 
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are given in Table 6 and are plotted in 
Figure 3; this curve is then valid for the 
specified temperature and concentrations. 


Sising a Batch Kettle. The curve, 
Figure 3, is an expansion (and smooth- 
ing) of the original data (batch). It 
may be used within the normal limits of 
extrapolation to determine, directly, the 
time for reaction when essentially tso- 
thermal conditions prevail.! The rate of 
reaction is a maximum at the start ot 
the reaction when the concentration of 
the reactants is greatest. The rate falls 
off throughout the course of the reaction 
and is a minimum at the end of the cycle. 
As may be seen by inspection of Figure 
3, at any one instant the rate of reaction 
is the slope of the tangent to the curve 
at the point corresponding to the instan- 
taneous conversion level. The average 
rate throughout the course of the reac- 
tion is thus the slope of the chord con- 
necting the origin and discharge point 
on the curve (Fig. 3). 

The reaction time is read directly 
irom the curve (Fig. 3) as 77.5 min 
for 98% conversion (f = 0.98) 


Volume of kettle or pipe-line 

77.5 

- (1000) (0.12) = 15: 

This is the volume required for reaction 
only; plant units must be sufficiently 
larger to allow for such items as free 
board, heat transfer, and time for charg 
ing and discharging. 


Sising a Pipe-Line Reactor. The term 
pipe-line reactor, is used to designate 
any flow system in which: (a) reactants 
are fed at one end of a reactor having 
a large effective length-to-diameter 
ratio and react under conditions of vary- 
ing composition (changing reaction en 
vironment) along the length of the re- 
actor, and (b) products are withdrawn 
at the opposite end. In such equipment 
the reaction proceeds kinetically in the 
same way as in a batch kettle. 

The volume of the pipe line for reac 

tion only is calculated in the same man- 
Pner as for a batch kettle. 


Sising a Constant-Composition Kettle 
In a constant-composition kettle, raw 
Pmaterials are added and products are 
withdrawn continuously. 
is intense enough, in relation to 
throughput, so that the 
throughout is essentially 
effluent. 


The agitation 
the 
composition 
that of the 


31f it is not feasible to maintain essen- 
tially isothermal conditions a stepwise 
method of calculation is employed in which 
the over-all reactor is treated as a series of 
incremental, isothermal units, each incre 
mental unit being at a different temperature 
level. Data on fractional conversion at one 
temperature are converted to other levels 
by the Arrhenius equation 
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Unlike a batch kettle where the rate 
of reaction varies from a maximum at 
the start of the cycle to a minimum at 
the end, the rate in a constant-composi- 
tion kettle remains constant. For a 
given conversion the rate in a constant- 
composition kettle is equal to the mini- 
mum that prevails at the end of a batch 
cycle, and is equal to the slope of the 
tangent to the curve (Fig. 3) at the 
discharge conversion level. Hence the 
average rate is than in a batch 
kettle and, for a given conversion, the 
continuous unit will be larger in propor- 
tion to the ratio of the average reaction 
rates. 


less 


To size a constant-composition kettle 
for this example, draw the line CB 
tangent to the curve at point A ( Fig. 3), 
corresponding to the desired effluent, a 
conversion of Y8C. and determine its 
The slope of line CB gives the 


reaction m 


slope. 
rate ot a single, constant 
composition kettle. Similarly, the slope 
of OA is the rate of reaction in a batch 
kettle. 
is used to 


Hence, the ratio of these slopes 
find the time in a 
continuous kettle from the plot (Fig. 3) 
which gives the time for hatch reaction. 


reaction 


Hold-time (constant-composition ket- 
2.5 

tle) = 77.5 ( ) 970 min. 
0.2 


Kettle volume (for reaction only) 


1940 gal. 


470 
-( 1000) (0.12) 


Sicing Three, Equal-lolume Cascade 
Kettles. In place of a single, constant- 
composition kettle, a series of cascade 
kettles is frequently used to reduce the 
total (volume). The economic 
optimum number of kettles is a function 
of the specific problem, but in practice 
the number is rarely (if ever) greater 
than three. 


size 


Each kettle of the series is 
unit. Thus, a 
large part of the total reaction may be 
carried out at higher driving forces than 


a constant-compeosition 


the minimum corresponding to the efflu 
ent the last kettle in the 
The rate in each kettle of the series is 


trom 
constant and equals the slope of the 
tangent to the curve (Fig. 3) at a point 
corresponding to the conversion level in 
the unit. 

\ graphical method is used for deter- 
mining the hold-time of each unit. The 
hold-time is first estimated and a graph- 
ical check is then made to see whether 
this estimate is correct. Usually two or 
three trials are required but these can 
be made in less than five minutes, Apply- 
ing the procedure in this example: 


1. Draw the line CB tangent to the curve 
(Fig. 3) at point A (98% conversion). The 
slope of the line is the rate of reaction in 
the last kettle of the series 
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_ 2. Estimate the time required for reaction 
in each kettle, say 55 min., and mark off a 
distance from A te C on line BC such that 
the horizontal projection of this distance 
corresponds to a 55-min. interval on the 
time scale 

3. Project point C horizontally back to 
the curve (point D) and repeat the pro- 
cedure to points E, F, G, and O. Since G 
projects back to the origin, the estimate of 
55 min. is correct. If G falls above the 
origin, the estimate is too low and vice 
versa, if below. Slopes of the tangents GF 
and ED are, respectively, the rates of reac- 
tions in the first and second kettles. 


Volume of each kettle (for reaction 


55 
only) = ry (1000) (0.12) 110 gal. 


Notation 


C4o,Cgo = initial concentration of re- 
actant A or B, moles /unit 
volume 


4.C, = concentration of reactant A 
or B at any time, @, dur- 
ing reaction, 

moles /unit volume 


course ot 


fraction of equilibrium con- 

version of a reactant to 
product at any time, @; 
f = (moles reacted ) /(to- 
tal moles reacted at equi- 
librium). Where two re- 
actants are present, / 
refers to the constituent 
present in .lower concen- 
tration. 


reaction rate constant, con- 
sistent dimensions for dif- 
ferent rate equations 

number of units, 
a dimensionless group of 
form Ny = 
where m = apparent or- 
der of reaction 


reaction 


number of reaction units, 
apparent zero-order reac- 
tion 

reaction units, 

first-order re- 


number of 
apparent 
action 

number of reaction units, 
apparent second-order re- 
action 

rate of reaction, moles re- 
acted/(unit vol.) (unit 
time) 

time of reaction, consistent 

units 

dimensions de- 

pendent on reaction order 


a constant, 


experimental constant relat- 
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CONSTRUCTION OF ACID 
RECOVERY UNITS 


INDOORS OR OUTDOORS? 


H. S. KEMP, L. T. MULLEN, and A. P. GUESS 
Du Pont Company, Inc., Wilmington, Delaware 


HEN increase in capacity for re- 

concentration of acetic acid by ex- 
traction with diethyl ether was required 
at one of the Du Pont plants, a study 
was undertaken to select conditions 
which would give the most economical 
installation and minimize the inherent 
safety hazards involved in the operation. 
Confronting the designers was the 
question: should the acid recovery units 
be installed indoors, as previously, or 
outdoors ? 

Sufficient company experience and 
know-how seemed to be available for 
the basic design of both the indoor and 
the outdoor units. Of prime importance 
for both types of units were the pre- 
cautions that have to be taken in the 
handling of ether, the principal hazards 
of which are fire, explosion, and intoxi- 
cation by inhalation of the vapors. Of 
equal importance for the outdoor units 
were the added precautions to prevent 
freeze-ups of glacial acetic acid when 
handled in equipment and piping ex- 
posed to the weather. By visits to other 
Du Pont Co. plants, the techniques of 
successfully handling glacial acetic acid 
in equipment and piping exposed to the 
weather were learned. 

So that the final choice between in- 
door and outdoor construction of the 
acid-recovery units could be easily made, 
preliminary studies were undertaken of 
the following items for the two schemes 
under consideration : 


1. Order-of-magnitude investment cost 


2. Order-of-magnitude 
maintenance cost 
3. Safety features 
4. Process operation 
a. Control 
Losses of acid and solvent 


operating and 


Essentially the Brewster process (1) 
for the recovery and concentration of 
the acetic acid is used, in which ex- 
traction of the acid with ether is fol- 
lowed by distillation steps. Towers are 
provided to recover the ether from the 
raffinate, and to concentrate the acetic 
acid in the acetic acid-water solution left 
after the ether has been removed from 
the extract. Of course, the necessary 
calandrias, condensers, and auxiliary 
equipment are provided. 

The first item considered in both 
indoor and outdoor construction was 


investment cost. The basic assumption 
is made that the steel structure is to 
be the same for both indoor and out- 
door construction. This is due to the 
fact that the towers, made in sections 
of thin-walled copper, are not capable 
of supporting the large, complicated 
piping arrangements along with the 
diaphragm valves, by-passes, and mani- 
folds. In addition, ether reflux is not 
pumped but flows by gravity, and there 
fore support for the ether condenser is 
required. It is evident that substantial 
savings can be realized for the outdoor 
units in the following manner: 


1. Brick walls can be eliminated 

2. Concrete foundations for the brick 
walls can be eliminated 

3. Lighting equipment can be reduced, 

e.g. by use of flood lights 

Building heating can be eliminated or 

at least reduced. (The savings from 

eliminating the building heating are 
offset to some extent by increased 
equipment and piping insulation.) 

Ventilation equipment can be sub 

stantially reduced 

These various factors, associated with 

capital investment, indicate that the out 
door type of construction is less costly 

As to operating cost and maintenance, 

the performance of the process equip 
ment should be reasonably independent 
of the type of building construction, 
provided the outdoor units are well in 
sulated. Advantages of outdoor con 
struction over indoor then are: 

Reduced lighting load 

Reduced heating load 

Reduced ventilating load 

Increased accessibility of the equip 

ment 

Concentration of the operators on one 

floor where they can be protected 
Disadvantages of outdoor construction 
over indoor construction are: 

1. More frequent painting of the struc 
tural steel and equipment owing to 
exposure to the elements 
In severe weather, equipment maim- 
tenance is more difficult for the 
workers 


The operating cost and maintenance 
factors were found to be in favor of 
the outdoor type of construction. 
With an outdoor type the following 
safety features could be realized: 
1. Fumes of ether or acetic acid could 
escape right to the atmosphere 
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This and the succeeding article in this 
number continue the series on indoor 
vs. outdoor construction begun in June 
issue with Chemical Plant Operations 
and The Weather. The series will con- 
clude next month with Comparative 
Costs of Chemical Plants Designed 
for Indoor vs. Outdoor Construction. 


Operators could be housed in a pro 
tected central control room. 
Protected areas for operators, in case 
they had to be near the equipment 
away from the control room, could 
be provided 
Of course, safety features 2 and 3 could 
be provided in the indoor type of con- 
struction, but not feature 1, which is 
the important one. 

The operation of the process is essen 
tially the same whether the equipment 
is indoors or outdoors. Control of the 
process for the outdoor type of con 
struction must be made from a central 
protected control room. The develop 
ments in automatic control equipment 
have made it entirely feasible to hous 
all the essential recording, indicating, 
and controlling instruments in a central 
protected location. From this central 
point the operator can tell at a glances 
what is happening at any point in thi 
process, and can make the required 
adjustments. Where automatic control 
is not available, the operator has to go 
to the process equipment and take read 
ings or adjust valves manually. With 
such constant checking by the operators 
it was almost a necessity that the process 
equipment be installed indoors, with 
subsequent high operator exposure time 
near the equipment. 

In the indoor type of construction, 
vapor losses at a faulty flange or packed 
joint usually can be readily detected. 
There was no experience available to 
indicate how difficult it would be to 
detect small leaks if the process equip 
ment was installed outdoors, but it was 
felt that the problem could be handled 


Design and Construction 


As a result of the preliminary study 
involving the comparison between in 
door and outdoor construction as to 
capital investment, operating and main 
tenance cost, safety features, and proc 
ess operation, it was decided to proceed 
with the design of outdoor units, since 
all the cost figures, safety features, and 
ease of process operation were in favor 
of the outdoor units. Accordingly, de 
sign was started and eventually led to 
construction and successful operation of 
the outdoor units. 

A review of some of the character 
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Recovery units in course of 
construction. 


istics of the materials being handled is 
of interest. In Table 1 are shown some 
selected values of physical properties 
which were of importance in the design. 
In this table special note should be 
taken of the low flash point (—45° C.) 
for ether and the high freezing point 
of acetic acid (16.7° C.). 

The units as finally designed and con 
structed in an isolated part of the plant 
consist of an open steel supporting 
structure into which are placed the 
various pieces ‘of process equipment 
Photographs of the construction as it 
progressed are shown in Figures 1 and 
2. To meet the capacity requirements, 
three identical units were designed and 
constructed. The control rooms, one for 
each of the three units, are located at 


iground level. These control rooms are 


air-conditioned and fireproof. In the 
control room the operator gains com 
plete knowledge of what is going on 
in the process equipment from the in 
struments on the panel board. A photo 
graph of a portion of the panel board 
assembly is shown in Figure 3. 

In case of a fire the two end stair 
Wells, which are enclosed with brick 
Walls, offer a place of safe evacuation 
for the operators. Normally, except in 
Cases Of routine inspection or repairs, 
fo personnel are on the upper levels 

Special consideration was given to the 
proper sloping of all service and process 
Pipe lines, since it is imperative that 
all lines be designed for complete drain 
Age in case of extended shutdown during 
Winter periods. Proper insulation and 
Bteam-tracing for all pipe lines and 


j Fig. 2. Recovery units at later stage of construction. 


TABLE 1 SOME PHYSICAL PROPERTIES OF MATERIALS BEING HANDLED (2) 


Molecular weight 
Melting point, * 
Boiling point, * C 
Minimum ignition T., 
Flash point, 
Lower limit of i 


Miscibility with water 


equipment are of major importance, 
especially when handling a material like 
acetic acid, whose melting point is high 
(16.7° C.). 

Ether tanks in the tank farm were 
provided with water cooling to keep the 
temperature of the ether low during the 
summer. A special water tank was in- 
stalled so that in case .of a failure in 
the main water lines, sufficient water 
would be available for the condensers 
while the units were being shut down. 
Thus, not only could ether losses be 
minimized, but also a serious fire and 
explosion hazard trom ether vapor 
escaping from condenser vents would 
be eliminated. 

All wiring, electrical apparatus, and 
equipment such as lights, switches, panel 
boards, receptacles, attachment plugs. 
telephones, and flashlights are of the 
explosion-proof type. All lines and 
towers handling ether are grounded to 
avoid spark ignition, since ether flowing 
through a line generates static electri 
city. Sufficient storage capacity is pro 
vided to handle the contents of all 
process equipment. The storage tanks 
are all equipped with flame arresters. 

Operation of the new outdoor units 
has been successful. Losses of ether and 
acid have been kept to a low and accept- 
able figure. Steam and water consump- 
tion have also been acceptable. Orig- 
inally, it was felt that outdoor construc- 
tion would make the detection of leaks 
quite difficult. Such, however, has not 
been the case. 

No means of preventing freeze-ups, 
other than steam-tracing of the lines 
and insulation, has been used: electrical 
heating of the lines has not been tried. 
Steam-tracing and insulation have not 
been 100% effective in preventing 
freeze-ups, but when one does occur the 


judicious use of a steam hose has 


Diethyl Acetic 


partial complete 


offered effective and 


solution. 


immediate 


The outdoor type of construction has 
been found to lend itself admirably to 
the handling and servicing of equip 
ment. At the plant, where a tractor- 
type crane is available, it is a simple 
matter to approach the unit and remove 
equipment. Heat exchangers are lifted 
out of position and taken to the shops 
for retubing. Thus the necessity for 
transporting tools to the site and work 
ing in cramped quarters is avoided. The 
necessity for rigging up chain hoists, 
shoring up structural beams and the 
like is also avoided. Furthermore com- 
plete tower sections or complete piping 
manifold assemblies including control 
valves can be removed readily and easily 
for repair or replacement. 


Conclusions 


In the final analysis, operating de 
partment personnel claim that if they 
were faced with the problem today that 
faced them several years back, namely, 
indoor or outdoor units, they would not 
hesitate in the least to go to the outdoor 
type of construction. 
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SAFETY AND OUTDOOR CONSTRUCTION 


HOMER KIEWEG 


Commercial Solvents Corporation 
Terre Haute, Indiana 


The principal cause of disaster perhaps in the operation of an organic 
chemical plant handling materials which are flammable but not explosive 
in nature, is explosion caused by the confinement of vapors in a restricted 
space. Concentrations of vapors in the explosive ranges are likely to 
occur due to some failure, either of equipment or operation. Prevention 
of explosive mixtures in confined spaces under these conditions is often- 
times impossible, and hence, even with the best of safety precautions, 


danger of explosion exists. 


When processing equipment can be located in the open, natural air 
currents coupled with lack of confinement tend to dissipate the vapors 
quickly, reducing the concentrations to a point where they are harmless. 
In the event of ignition, lack of confinement can be of considerable benefit 


in dissipating the forces. 


Use of control centers for operation reduces the frequency and severity 
of exposure to operating personnel, and hence the probability of human 
injury. Such an arrangement is possible due to the advancement in 
design of remote control and instrumentation. 


Other problems in connection with design operation and maintenance 


are discussed. 


In weighing the economics of indoor vs. outdoor con- 


struction, consideration must be given to certain factors other than 
original capital investment and operating costs. 


NE of the first considerations in the 

basic design of a chemical plant has 
to do with its safe and continued opera- 
tion. In the case of the average organic 
chemical plant this is particularly true 
for such plants the materials 
being handled are flammable, toxic, or 


mary 


otherwise hazardous 
Of course, certain materials in them- 


selves are explosive in nature, or can 
be made so by undesirable operating 
conditions or side reactions. They re 
quire special treatment outside the scope 
of this discussion. Nor is it intended 
to cover such recognized items of safety 
as the guarding of moving parts, 
grounding of electric systems, and 
handling of static electricity, which 
have been the subject of considerable 


work and discussion, 

Over the course of a number of years, 
developments have made it possible to 
design plants with a minimum of hous- 
ing. Regardless of the motivation for 
such design, it has made possible the 
practical elimination of certain major 
hazards long recognized, but which have 
not lent themselves _ to 
handling. 


satistactory 


Danger of Fire 


Perhaps one of the major concerns 
of the designer of an organic chemical 
plant with respect to safety is the possi- 
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bility of a disastrous fire or explosion. 
In the handling of solid materials or 


those of low vapor pressure, these 
problems may be minor. Fireproof 
construction, insulation of structural 
members, and adequate automatic 
sprinkler systems or special automatic 
fire-fighting equipment may give suit 
able and sufficient protection. But un- 


fortunately, many processes involve the 
handling of highly flammable materials 
either readily vaporizable or with con 
siderable vapor pressure under the con 
ditions of operation, Failure of a piece 
of equipment, or a mistake in operating 
procedure can often result in the release 
of material and consequent building up 
of explosive mixtures in the confines 
of a building. Even slight leaks in the 
handling of toxic materials may lead to 
hazardous to health, 
despite any system of ventilation. 

With indoor construction, ventilation 
the means for 
trying to eliminate these hazards. Gen- 
erally, ventilating systems can be de 
signed to take care of normal leakage 
or escape of vapors and fumes, but in a 
practical sense it is usually impossible to 
provide sufficient ventilation to take care 
of emergency conditions unless the quan- 
tity of materials being handled is small. 
For example, it is entirely feasible to 
set up a ventilating system to take care 


concentrations 


of course, obvious 
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Fig. 1. 


Pilot plant designed originally 


with open strip for natural ventilation. 


Note spandrel wall added during 
first cold season. 


of the leakage encountered in a compres 
sor room where gas containing sizable 
percentages of carbon monoxide is being 
compressed, even allowing for excessive 
leakage at the glands, but almost im 
possible to provide for such a contin 
gency as the failure of a line, or cylin 
der, where the entire flow can escape 
In most cases the physical size of the 
ventilating equipment, the initial capital 
investment, and the operating costs for 
heat and will rule against an 
attempt at sufficient ventilation to handle 
such emergencies. Often ductwork it 
self hazard due to an 
accumulation of lint and oil-like mater 


ials within it 


power 


can become a 


This is particularly true 
of exhaust ducts. 


It is easy to see why the disgruntled 


designer should want to turn to an en 
tirely different to 
eliminate such a complexity of problems 


system of design 
Since the confining walls of a building 
are the major cause of the problem, why 
not try to eliminate them? The method 
has other possible merits in its favor 
What are its merits from the point of 
view of safety? Foremost, of course, is 
from lack of 
a building. Furthermore 
it is usually easier to space the equip 


the safety resulting con 


finement by 
ment at greater distances out-of-doors 
without greatly increasing the cost of 
the installation. This in itself is highly 
desirable, as it reduces the exposure to 
damage resulting from failure of any 
one piece of equipment. It also makes 
certain phases of maintenance 
and By proper arrangement a 
single unit can be taken out of service 
for repairs without the precautionary 
requirement of having everything shut 


easier 
safer 
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down and in a safe nonoperating condi- 
tion as may be advisable within a build- 
ing. Removal of units to maintenance 
shops for repair is usually easier with 
an outdoor installation. Often either 
permanent cranes or mobile hoisting 
equipment can be used advantageously 
to remove entire units. 

The outdoor plant should be arranged 
to provide shelter and good wurking 
facilities for the personnel handling the 
installation. Remote control, or auto- 
matic control, is almost a necessity for 
such a plant, and it has only been with 
the development of these types of con- 
trol mechanisms that it has been pos 
sible to design outdoor plants where 
the operator is properly sheltered. Such 
an arrangement reduces the exposure 
of the operator both to the material with 
which he is working, and the hazards 
of the process itself, compared with 
working in the building in which the 


machinery is housed. Proper spacing 
plus judicious installation of escape- 
ways from elevated working areas 


affords excellent operator protection in 
the event of disaster to a plant. 


Problems on Outdoor Operation 


Outdoor operation of chemical oper- 
ations poses certain new problems. Ex- 
perience has indicated that in order to 
be successful, a plant built out-of-doors 


Must: 

} 1. Provide suitable working quarters 
: for the operators while performing 
their duties 

} 2. Allow for maintenance under suitable 


working conditions 

designed to operate satisfactorily 

: under the weather conditions which 

will prevail 

| As previously mentioned, it has only 

Been with the development of control 

@wipment that chemical processes could 
nerally be adapted to outdoor plants. 

Ey attempts to eliminate housing 

ther failed to take the operator into 

@count or at best developed into a 


compromise type of plant. As such, 
these units could hardly be considered 
successful. 

Figure 1 is a view of such a plant. 
This unit was a small pilot plant hand- 
ling highly flammable, and highly cor- 
rosive materials under pressure at ele- 
vated temperatures. In addition, the 
toxicity was unknown because of the 
newness of the compounds, but it was 
suspected that they might have a slow 
cumulative effect on the health of a per- 
son repeatedly exposed. Even if suit- 
able instrumentation had been available 
at the time, the number of process 
changes that could be expected in a 
plant of this nature would have ruled 
out complete instrumentation due to the 
initial cost, and the time required for 
engineering, procurement and assembly. 
For these decided to 
sacrifice operators’ comfort and shelter 
the bulk of the equipment in a building 
which had an open band for three feet 
above the floor line. tefore the first 
winter was finished, operator discom- 
fort forced the construction of a span- 
drel wall as illustrated. 


reasons it was 


The operator who frequently finds it 
to don additional clothes in 
order to leave inside quarters to make 


necessary 


changes in the process he is controlling, 
or who finds himself exposed to rain, 
sleet or snow when he has to climb an 
exposed stairway in a structural steel 
tower, soon decides that the more in- 
tangible points of safety are not equal 
to the evident exposure and risks of his 
job. It becomes necessary to extend his 
vision and lengthen his arms in order 
that he can remain in his quarters and 
still operate his outdoor equipment. 
While compressors, and other com- 
plicated pieces of machinery can con- 
ceivably be designed to function satis- 
factorily out-of-doors, maintenance re- 
quirements will probably dictate an in- 
door lécation. Unscheduled shutdowns 
may occur in any weather. The prob- 
lems arising from the complexity and 


mechanical accuracies of the machine 
itself may warrant an indoor location. 
For example, a reciprocating shaft is 
more likely to wear at a gland if ex- 
posed in a dusty, outdoor location. 

Figures 2 and 3 are views of a plant 
that illustrate this point. This plant, for 
the production of methanol, has most 
of the equipment out-of-doors. How- 
ever, the larger building houses the com- 
pressors, circulators, and certain control 
equipment. The smaller one houses 
control equipment and minor laboratory 
facilities for product checking. 

Another example where maintenance 
might govern is a tubular evaporator, 
on a where frequent manual 
cleaning of the tubes is necessary. Oper- 
ation of evaporators out-of-doors is 
perfectly feasible, but under the above 
circumstances it becomes necessary to 
enclose the area where cleaning is to be 
done. 

Certain of the unit operations lend 
themselves readily to outdoor installa- 
tions, and a plant can be designed for 
them that will operate under the pre- 
vailing weather conditions. Those which 
require manual operating labor at reg- 
ular and frequent intervals are difficult 
to operate unhoused. A plate-and-frame 
filter, for example, is hardly suitable for 
general outdoor use. Usually there is 
little that can be done under these cir- 
cumstances other than to place these 
particular operations inside. Sometimes 
choice of equipment, or modifications in 
the process may enable the engineer to 
eliminate housing a hazardous opera- 
tion. If a process lends itself to con- 
tinuous operation rather than batch, it 
usually becomes easier to design it for 
outdoor locations. This is not meant to 
imply that batch operations cannot be 
handled out-of-doors. 

Figure 4 illustrates a small plant, in 
which complex batch distillations are 
handled successfully in an outside plant. 
The small building at the foot of the 
structural tower houses all controls. In 


process 


° At right (Fig. 2): Outdoor location of high pressure converters. At left (Fig. 3): Methanol distillation tower. 
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this particular case, however, most of 
the lines were brought to the control 
house. Rotameters were mounted just 
outside a row of windows and valve 
handles extended into the building. 


Advantages of Remote Control 


Use of remote control is usually far 
superior to trying to route lines through 
the control room for operation. In the 
first place the piping usually is far too 
complicated and bulky for this treat 
ment. Further, leaks occurring at pack 
ing glands, and the possibility of breaks 
im sight glasses, rotameters and similar 
equipment undo the advantages which 
have been gained in the outdoor instal 
lation. Transmitting pressure-indicat 
mg or -recording instruments are to be 
preferred over piping into the control 
room to a pressure gage, both from the 
practical as well as the safety point of 
view. Even an unsealed conduit housing 
thermocouple , lines may be dangerous, 
since a leak occurring in a thermocouple 
well can make the conduit a direct pipe- 
line for hazardous vapors. Every pre 
caution should be taken to see that no 
pathway exists to bring dangerous 
vapors or liquids into the control room. 

As remote reading instruments were 
improved and remote actuated valves 
and other devices were developed, engi- 
neering an job become 
easier. Standardization, while not com 
plete, is now sufficient so that the instru- 
ment engineer is able to build up his 
system trom parts available from many 
manufacturers Reliability has  im- 
proved so that it is now possible to 
obtain satisfactory performance regard- 
less of the weather conditions with 
maintenance comparable to that ex- 
pected on any type of equipment. It 
should be mentioned that on air-operated 
systems it is vital to supply clean dry 
air, with the moisture content reduced 
below the dew point to be encountered 
in the coldest weather. 

While reasons of safety may be onc 
of the impelling reasons for considera- 
tion of outdoor construction, other rea- 
sons may be equally important. Safety 
might not dictate the outdoor location of 
boilers. Figure 5 is a view of such a 
plant built during the war when mater- 
ials of construction were scarce. Turbo 
generators, air compressors, switch 
gear and operating controls are in the 
building behind the boilers. All other 
equipment including water-treating, de- 
aerating heaters and the like are out-of 
doors. In spite of the fact that consid- 
erations of safety had little bearing in 
this case, some safety features may well 
be considered superior to those in a 
conventional powerhouse. No fuel is 
piped through the building, eliminating 
hazard from a broken line. Except 
when inspecting a boiler, the operator 


outdoor has 
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is protected by the building itself. Other 
minor points could be mentioned, which 
make the outdoor design of such a 
plant an attractive choice from the point 


of view of safety. 


Summary and Conclusions 


In the construction of a chemical 
plant, outdoor construction lends itself 
to design which reduces the possibility 
of some of the hazards difficult to cope 
with if housed construction is used. It 
greatly reduces the possibility of accu- 
mulation of flammable vapors in concen 
trations sufficiently high to be in the 
explosive range. It reduces the exposure 
of allied equipment in the event of 
failure of one piece of apparatus. It 
reduces the operator's exposure to fumes 
which may be toxic. It lessens the 
possible physical danger to the operator 
in the event of an accident involving 
fire. To cope successfully with these 
problems when designing an enclosed 
plant is difficult at best and it is usually 
impossible to achieve comparable de- 
grees of safety. 

Outdoor construction, where a process 
lends itself to this type of design, can 
be arranged for comfortable operation, 
and close process control, and in so do- 
ing provide even more protection for 
the operator by reducing the need for 
his remaining in the immediate vicinity 
of the operating equipment 

In order to design an outdoor plant 
successfully, the process must be able to 
meet certain requirements. Some oper- 
ations or equipment do not lend them- 
selves to this treatment. While the only 
alternative may be to house sections of 
a process, consideration should be given 
to alternate methods of processing. 

The development of remote reading 
instruments, operating devices 
and automatic control has extended the 
possibility of outdoor plants. Judicious 


remote 


Fig. 4. Outdoor plant with batch dis- 


tillation systems. 


caretul m 
important to 
control house 
Because of economic or other reasons 


choice of mstruments and 


stallation are sometimes 


eliminate dangers im the 


outdoor installations may be advisable 
and safety may not be a serious con 
sideration. Even under these condi 
tions, often it will be found that the : 
result is a safer plant 
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Fig. 5. Outdoor boiler plant. 
Controls and turbogenerators in building in background. 
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DISTILLATION IN 2, 4 AND 5.75 INCH 
DIAMETER PACKED COLUMNS 


A. C. HEINLEIN *, R. E. MANNING, and M. R. CANNON 


Pennsylvania State College, State College, Pennsylvania 


The efficiencies of two types of protruded metal packings and 100 mesh, 
14-in. McMahon packing were determined in 2, 4, and 5.75-in. diameter 
columns. Extensive data on efficiency, holdup and pressure drop over 
the complete operating range were obtained. Protruded metal packing 
(hole size B) was found to be the most efficient in all three columns, 
showing the lowest H.E.T.P. and the lowest pressure drop per plate. 
In type 316 stainless steel it is approximately 50% of the cost of 
McMahon packing per theoretical plate for a column 4 in. I.D. In a 
6-in. diameter column the economic advantage is even greater. 


The effect of physical properties of liquid on holdup and flooding velocity 
in packed columns was determined by distilling the following pure com- 
pounds: normal heptane, methylcyclohexane, benzene and ethylene 
dichloride. It was found that, at any given vapor velocity, the holdup 
was largest for the liquid of lowest density. Flooding velocity was 
largest for the most dense liquid. For example, a packing that flooded 
‘at a superficial vapor velocity of 1.55 ft. sec. with normal heptane flooded 
fat 2.2 ft./sec. with ethylene dichloride. 


Liquid velocities down through the packing, at any given vapor velocity, 
Varied with test mixture and packing. For example at superficial vapor 
Velocity of 1.2 ft. sec. the liquid velocity for the normal heptane-methyl- 
¢yclohexane test mixture was .034 ft. ‘sec., whereas for the benzene-ethyl- 
@ne dichloride system it was .027 ft. ‘sec. 


> 


HIS report covers the efficiency of 

two protruded packings and '4-in., 
100-mesh McMahon packing in columns 
% 4 and 5.75-in 1.D. In addition data 
afe presented which show that holdup, 
flooding velocity and liquid velocity for 
@ given packing are quite different for 
different liquids. Cost data the 
Various packings are given. 


for 


Test Equipment 
Columns. The 2- and 4-in. diameter col- 
um@ns have been described (4). The 5.75- 
im 1.D. column was constructed in a man- 
similar to the 4-in. column. All stills 
re steam-heated with automatic control 
boil-up rate by means of an electric 
solenoid valve in the steam line. The con- 
trol instrument was a water manometer 
containing a few drops of sulfuric acid 
Experimental data (Tables 4-6) are on 
file (Document 3181) with the American 
Documentation Institute, 1719 N Street, 
N.W., Washington, D. C. Data obtainable 
by remitting $1.00 for a microfilm and 

$1.35 for photocopy. 
Merck & 


+ Present address: Company, 


Rahway, N. J. 


Page 344 


connected to the base of the column and 
containing one fixed and one movable elec 
trod These electrodes were part of a 
circuit through the coil of a relay which 
operated the steam valve The movable 
electrode was set to the desired pressure 
and the steam flow was then automatically 
controlled to maintain this pressure. The 
resulting control of boil-up rate was ex 
cellent—variations did not exceed 3%. 


Distributor Plates. Construction of the 
distributor plates has been described (4). 
For the 2-in. diameter column five liquid 
return tubes extended 1 in. from the base 
of the plate. One of these was in the center 
and the other four on a 0.56-in. radius. The 
10-32 screws threaded into the bottom of 
these tubes contained orifices 0.042 in. in 
diameter. Four vapor risers }4-in. 1.D. ex 
tended 2 in. above the plate. 

The distributor plate for the 4-in. column 
contained one liquid return tube in the 
center and six on a 1-in. radius with orifice 
diameters of .073 in. Ten ™%-in. I.D. vapor 
risers were used, four on a ™%-in. radius 
and six on a 1%4-in. radius. 

The distributor plate for the 5.75-in. I.D. 
column was constructed similarly with one 
liquid return tube in the center, six on a 
34-in. radius and twelve on a 15¢-in. radius. 
Twelve vapor risers were on 1%-in. radius 
and twelve on a 15¢-in. radius. The orifice 
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diameter in the machine 0595 


in 


scTews Was 


Test Liquids 


The normal heptane and methyleyclo 
hexane were specially prepared by the 
manufacturers for highest possible purity 
They were each redistilled in an 80-plat 
packed column at a reflux ratio of 60 and 
found to be pure. The benzene was found 
to contain some impurities to the possible 
extent of 3% and the ethylene dichloride 
to the possible extent of 1% 

Analyses of the n-heptane-methylcyclo 
hexane mixture were made by a tive-place 
Valentine refractometer and a four-place 
Abbe type at 20.0° C. using the data ot 
Bromiley and Quiggle The pure 
methylceyclohexane had an 1.4232 
and n-heptane an np 1.3877 

rheoretical plates at total reflux were 
calculated using an a 1.070 recommended 
by Beatty and Calingaert (1) and used by 


Fenske (5) 


(3) 


Experimental Procedure. The still was 
charged with test liquid and the condenser 
water and steam valves opened. Because of 
excellent heat-transfer coefficients the 
largest column was brought to the flood 
point within 20 min. and the smaller 
diameter columns in less time. The elec 
trode in the control manometer was then 
set to the pressure drop corresponding to 
the desired operating rate and the flooded 
packing settled to steady operation within 
10 to 15 min 

Dynamic holdup was determined by 
isolating the column from the still and 
draining the packing for 1 hr. The static 
holdup remaining in the packing was 
measured in the manner previously de 
scribed (4) and added to the dynamic 


VELOCITY FEET PER Seconc 


Fig. 1. Packing efficiencies in a 2-in. 
diameter column with a packed height 
of 118 in. 
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Fig. 2. Packing efficiencies in a 4-in. 
diameter column with a packed height 
of 115 in. 


Pressure drops were read by both water 
and mercury manometers. 

When theoretical plates were to be de- 
termined, the refractive index of the dis- 
tillate and reflux from the base of the 
column was measured every half hour 
Plates were calculated after these readings 
showed no change. 

Liquid velocities were measured only in 
the 2-in. column. This was done by making 
a concentrated solution of distillate and 
nonvolatile red dye and injecting it into 


Fig. 4. Pressure drop per theoretical 
plate for packings in a 5.75-in. diameter 
column with a packed height of 73 in. 


the top of the packing and starting a stop 
watch at the same instant. In order to 
detect its appearance at the base of the 
column it was necessary to have the liquid 
drop into the glass reflux measuring tubx 
while it was maintained approximately hali 
full of liquid. The lineal liquid velocity 
reported is the length of the packed section 
divided by the flow time of the dye. 


Performance of Packings 
Figures 1, 2 and 3 show the efficien- 
cies of McMahon and protruded metal 


© MET HTLCY_ name 


Our PERCENT OF 


° os 


VAPOR VELOCITY FEET PE® SECOND 


Fig. 6. Effect of liquid properties on the 

holdup and flooding velocity. Column 

diameter 2 in., packed height 120 in., 
protruded nickel packing. 
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packings in columns 2, 4 and 5.75-in. 
1.D. Note that '4-in. protruded stainless 
steel is the most efficient packing by a 
large factor in the 2-in. column. How- 
ever, in the 4-in. diameter column there 
is Only a slight difference between the 
4-in. and 3-in. protruded packings and 
in the 5.75-in. diameter column there is 
practically no difference. 

Katz (&) has measured the efficiency 
of these same packings in a 1-in. diam- 
eter column with packed height of 41 
in. Over the range of 1 to 3.0 1. of 
liquid reflux /hr. he found the H.E.T.P 
of 4-in. protruded stainless steel to vary 
from 1.1 to 1.4 in.; 4-in. McMahon, 
1.3 to 1.6 in.; 3-in. protruded, 1.3 to 
1.6 in. 

The large effect of hole size and con 
sequently burr size was surprising. Hole 
size A (.27 X 37 is less efficient 
and has a higher pressure drop per 
plate than hole size B (0.40 * .37 mm.). 
Consequently, it is no longer in produc- 
tion. A previous publication (4) shows 
hole size A in protruded nickel to have 
high efficiencies in 2- and 4-in 
columns. 


mim. } 


diameter 


Figure 4 shows 44-in. protruded stain- 
less steel to have a much lower pressure 
drop per plate than either Stedman or 
McMahon packing in a 5.75-in. diameter 
column. The Stedman data are those of 
Bragg (2) determined with the system 
henzene-ethylene dichloride. Because of 
the high liquid phase density of this 
system a much different type of graph 
would result if the ordinate of Figure 4 
were boil-up rate in gallons of liquid 
per hour. For such a plot the pressure 
drop per theoretical plate for Stedman 
packing is five times that for protruded 
packing 

If the pressure drop per plate were 
plotted for the above packings in 
4-in. diameter columns 
would be obtained. 

Figure 5 shows that the holdup per 
plate for protruded packing is approxi- 
mately half that of '%4-in. McMahon 
packing in a 5.75-in. column, 


2- and 


similar curves 


Effect of Liquid-Phase Properties 
on Packed Column Behavior 


Holdup and Flood Rate. Figure 6 
shows that liquid phase density has an 
important influence on holdup and 
flooding velocity. For example, the 
holdup for normal heptane at a vapor 
velocity of 1.4 ft./sec. is 140% that of 
ethylene dichloride. If it is assumed that 
in each case the same number of square 
feet of packing is wet, then the thickness 
of the liquid ethylene dichloride film 
would be 38% that of the liquid normal- 
heptane film. 

Similarly, the flooding velocity of 
ethylene dichloride is 47% greater than 
that for the less dense normal-heptane. 

The velocities of the liquid phase 
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Fig. 3. Packing efficiencies in a 5.75-in. 
diameter column with a packed height 
of 73 in. 


the test 
system normal-heptane-methyleyclohex- 
ane and the 
dichloride are presented in Figure 7. 


down through the packing for 


henzene-ethylene 
To 


made of 


system 


date no practical use has beet 
such data but they may prove to be of 
value in later studies 

Table 1 lists the the 
test liquids at their boiling points. Other 
the kinematn 


viscosities ot 


things being equal it is 


. 


Fig. 5. Holdup for packings tested in 

5.75-in. diameter column with a packed 

height of 73 in. Measured with the sys- 
tem n-heptane-methylcyclohexane. 


viscosity rather than absolute viscosity 
that determines the thickness of a liquid 
film flowing under the influence of 
gravity. The 50 mole % mixture of the 
two systems differs in kinematic vis- 
cosity by 8%. This means that 
should have little influence on 
the difference in holdup, flood rate and 
liquid rate data obtained for the two 
systems. 

It is 


only 
viscosity 


now clear that authors should 


Fig. 7. Liquid velocities at total reflux 

through %-in. protruded packing in a 

2-in. diameter column with a packed 
height of 118 in. 
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PROPERTIES OF TEST LIQUIDS AT THEIR BOILING POINTS 


Kinematic Viscosity 
centistokes 


Absolute Viscosity 
Lent i poiee 


Density et 8. P. 
centipoises ec 


Bensene 0. 385 


0.320 0.81 


dtchlorige 


2.16 


n-Heptane 


0.62 


0.70 


lohexane 
gol Bensene 


50 mol £ B + Cla 


SO mol n-Septane 


0.65 


50 mo mol x Methyloyclohexane 


Viscosttios were measured at 20°C and 40*c; 
caloulated at boiling point by Andrade equation 


not compare holdup and flood rate data 
on packings that are tested with differ- 
ent test mixtures. Impurities in the 
benzene used in this work made it im- 
possible to compare plate values for the 
same packings when tested with the two 
different test mixtures. However, %4-in. 
McMahon packing has been tested (7) 
in a 6-in. diameter column with benzene- 
ethylene dichloride. H.E.T.P.’s of 2.1 


It can be used to test more efficient col- 
umns, (b) Much data on various pack- 
ings obtained with this mixture are now 
in the literature and (c) Both compo- 
nents are commercially available in a 
high degree of purity. 


Cost Comparison of Packings 


Table 2 lists physical data on the pack 


TABLE 2. 


PHYSICAL DATA ON PACKINGS 


Actual 
Site 
(In.) 


Material of Construction 


s 
Pree 
Space 


+16 x .16 
3/8 x 
1A - 


Type 316 Stainless Steel 


Type 316 Stainless Steel 
Type 316 Stainless Steel; 


re Diameter . in. 


Protruded holes per square inch = 1024 


Protruded hole sise A = 0.37 x 0.27 as. 


Protruded hole sise B = 0.40 x 0.37 aa. 


*aseuming holes in mesh are not sealed with liquid (6) 


**assuming holes in mesh are sealed with liquid (6) 


f 3.9 in. were obtained. This is in good 
Bgreement with the data reported here. 
While Fisher and Bowen (6) recom- 
mend the system benzene-ethylene di- 
@hloride the present authors prefer the 

stem n-heptane-methylcyclohexane for 
a important reasons. These are: (a) 


ings tested. Table 3 contains cost com- 
parisons. Larger sizes of protruded 
packing are now being tested. As pack- 
ing size increases the cost per cubic foot 
sharply decreases. In the sizes now 
available it is evident that protruded 
packing is one of the most economical. 


TABLE 3. 


APPROXIMATE COST OF SEVERAL PACKINGS POR A & INCH DIAMETER COLUM 


Type of Packing 


Berl Saddles (Ceramic) 
neh McMahon Seddles 


Berl Seddles 
McMahon 


McMahon Saddles {Brase) 

McMahon Saddles (Monel) 
0.25 Inch McMahon Saddles (Steinless Steel) 
0.375 Inch McMahon Saddles (Stainless Steel) 
Stedman Triangular Pyramidal (Stainless Steel) 
0.25 Inch Protruded Steel 
0.375 Inch Protruded Stainless Steel 


Note: 


Lines 1 to 9 teken directly from reference (6) 


Lines 10 and 11 celculeted from date in this report 


Chemical Engineering Progress 


Acknowledgment 


The authors wish to express their 
appreciation to the Scientific Develop- 
ment Co. of State College, Pa. for 
donating the protruded packings for 
this work. 


Literature Cited 


Beatty, H. A. and Calingaert, G., 
Ind. Eng. Chem., 26, 504 (1934) 

Bragg, L. B., /bid., 33, 279 (1941); 
Foster Wheeler Bul. I[D-44-2 
(1944). 

Bromiley, E. C., and Quiggle, D., Ind. 
Eng. Chem., 25, 1136 (1933). 

Cannon, M. R., Ind. Eng. Chem., 41, 


1953 (1949). 

Fenske, M. R., Lawroski, S., and 
Tongberg, C. Ibid., 30, 299 
(1938). 

Fisher, A. W., Jr., and Bowen, R. J., 
them. E ng. Progre SS, 45, 35 59 
(1949). 

Forsythe, W. L., Jr. Stack, G,, 
Wolf, J. E., and Conn, A. L., Ind 
Eng. Chem., 39, 712 (1947). 

Katz, I. E., Master’s thesis, The 
Penna. State College (September, 
1949). 


Discussion 


C. R. Bartels (E. R. Squibb & Sons, 
New Brunswick, N. J.) : Apparently the 
hole size has quite an effect on the effi- 
ciency of your packing. Are you satis- 
fied that you have the optimum size 
now ? 

R. E. Manning: No, to date we have 
tried only two different sizes. We intend 
to experiment with different sizes. Hole 
size A is .27 X .37 mm. and hole size B 
is .37 X 40 mm. One further addition 
on this, it was found that hole size A 
and B had about the same efficiencies 
in small diameter columns but that B 
was much better than A in a 6-in. 
diameter column. Evidently things are 
in fine state of balance for two different 
packings to have the same efficiency in 
a small column and much different effi- 
ciencies in a large column. 

C. S. Carlson (Standard Oil Devel- 
opment Co., Linden, N. J.): I notice in 
one of your graphs you showed a 20% 
holdup. Am I to understand that repre- 
sents 200 cc. of liquid held in the col- 
umn? 

R. E. Manning: Yes, for a packed 
volume of 1000 cc. At low vapor veloci- 
ties the holdup may be only 10 or 12% 
of packed volume. 

C. S. Carlson: In another graph you 
talk about large diameter columns. We 
had experiences with this type of pack- 
ing in the smaller sizes. In normal size 
columns, 1 in. in diameter, we find this 
type effective for use under conditions 
such as extractive distillations with high 
liquid and vapor loadings. 

(Presented at Forty-second Annual 
Meeting, Pittsburgh, Pa.) 
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MIXED HYDROCARBON SOLVENTS FOR 
FATTY ACIDS AND THEIR TRIGLYCERIDES’ 


RICHARD BOGASH? and A. NORMAN HIXSON 


University of Pennsylvania, Philadelphia, Pennsylvania 


The solubility relationships of fatty acids and their triglycerides in mix- 
tures of methane and propane have been investigated and compared with 
those in pure propane. It is shown that the addition of methane effec- 
tively lowers the critical solution temperature for a given solute. 


Equilibrium data are presented for the system stearic acid-propane- 
methane at 85.4° C. and 71.2° C. and for the system trimiyristin-propane- 
methane at 69.6° C. and 61° C. The corresponding critical solution tem- 
perature for the propane binary solution is 91.4° C. for stearic acid and 
79.4° C. for trimyristin. 


A method was presented for the determination of conjugate liquid com- 
positions from equilibrium data obtained by the synthetic method when 
the pressure is always in equilibrium with one or two liquid phases. 


Evidence of the importance of solvent density is presented and quanti- 
tatively compared with the predictions from a generalized solubility 
equation of Hildebrand. 


It is shown how the use of methane mixtures increases the versatility 
of propane as a selective solvent. 


HE unusual solvent properties of 


temperature separate out and form a 
second immiscible liquid layer as the 
temperature is raised (3, 5, 8,9). The 
temperature at which this reversed solu- 
bility occurs is a function of the chem- 
ical nature of the solute, its molecular 
weight, and the composition of the bin- 
ary binary 


mixture These 


uniformly 


systems 
show a U-shaped tempera 
ture-composition curve with a minimum 
point, the temperature below which all 
compositions are miscible. Differences 
between their critical solution tempera- 
tures, or lower consolute points, have 
proved a valuable qualitative index im 
estimating the possibility of separating 
a mixture of two compounds by pro 
pane. In addition, a useful correlation 
relating the critical solution temperature 


to the effective molecular weight of the 


propane have led to its increasing 
use in liquid-liquid extraction proc- 
esses. It has been employed singly or in 
combination with other solvents in the 
petroleum industry for the refining of 
lubricating oils (73). More recently, 
investigations have shown it to be effec- 
tive in the separation of fatty acids and 
their triglycerides (3, 5, 8, 9). There 
are at present several commercial 
processes using propane for the purifi- 
cation of the fatty acids and their tri- 
glycerides (16). 

The usefulness of propane as a selec- 
tive solvent arises fundamentally from 
the reverse temperature-solubility curve 
exhibited by some of its binary solu 
tions. Certain pure compounds although 
completely miscible in propane at room 

+ Complete details of apparatus and ex- 
perimental technique are available at Uni- 
versity of Pennsylvania. 

t Present address: Wyeth, Inc., Philadel 
phia, Pa. 
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Fig. 1. Photograph of apparatus. 
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PROPANE 


THE SYSTEM, 


STEARIC_ACID-PROPANE-ME THANE 
AT 85.4°C 


STEARIC ACID 


TABLE 1 


PRELIMINARY INVESTIGATION OF THE SOLUBILITY OF FATTY ACIDS AND TRIGLYCERIDES 


IN PROPANE - METHANE MIXTURES 


Phase 
Separation 
Tenperature 


Solute 


Critical Solution 
Temperature of 
Solute and Propane Pressure 


Composition in Weight ¢ 
Solute Methane Propane 


66.3 ° 


Stearic acid 
85.5 


Palmitic Acid 86.0 
Trimyristin 


Trileurin 


71.35 


80.3 


Solute in a simple binary system with 
opane has been proposed and tested 
r a number of fatty acids and their 


625 1bd./sq.in. 19.4 1.3 79.35 


23.3 1.7 75.9 


14.9 2.6 62.5 


14.5 2.5 85.9 


12.0 2.9 85.1 

esters (3,5). The effect of other func- 
tional groups upon solubility and critical 
solution temperatures in propane has 


TABLE 2 


THE SYSTEM, STEARIC ACID - PROPANE - METHANE 


Temperature 


‘Composition in Weight Per Cent : 
eid Methane Propane 


“Stearic 


3.7 3.7 92.6 


7.7 2.1 
1.5 


1.2 


90.2 


18.5 60.2 


32.4 66.4 


41.8 1.4 56.8 


50.6 47.6 


Composition 
(solute-free) 
Mol Per Cent 


Pressure 
ib 


Propane 


90.1 
94.2 
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TABLE A 
MP. of 


Pure 


Actual 
MP Material 
‘ 


Solute 
Trilaurin 5 
Trimyristin § 57.2 


Stearic acid 
Palmitic acid 


also been surveyed in studies with 
typical nitriles, amines, and amides (3). 

This work was undertaken to investi 
gate the potential applications otf 
solvent mixtures of propane and other 
low molecular weight hydrocarbons for 
the separation of fatty acids or their tri- 
glycerides. As typical examples, cer- 
tain ternary systems, propane-methane- 
fatty acid or triglyceride, were studied at 
selected temperatures. Furthermore, it 
was thought that the ternary solubility 
behavior of would ma- 
terially aid in explaining the phenom- 


these mixtures 


enon of reverse solubility im these rela- 
tively nonpolar systems. 


Apparatus. Phase relationships tor the 
ternary systems were observed in small 
Jerguson gauge (No. 2 OWP) equipped 
with an air-driven stirrer previously de 
scribed (3). A picture ot the apparatus is 
shown in Figure 1. A supplementary mer- 
cury displacement apparatus was used to 
add measured amounts of methane at any 
desired pressure. 


General Procedure. In a ternary system 
at equilibrium, when three phases coexist 
(two liquid and one vapor) under condi- 
tions of fixed temperature and pressure, the 
only indepetdent variables are the concen 
trations of two of the components in either 
liquid phase. To fix such a poimt on the 
sclubility curve the third component, 
methane in these experiments, was added 
slowly (at constant temperature) to a given 
mixture of solute and propane until the 
second started to appear This 
method, termed the synthetic method, was 
used throughout the investigation 

The solute was weighed and charged to 
the gauge. The amount of propane and 
methane in the liquid phase was determined 
indirectly. The total volume of methane 
charged was known, and from the com 
pressibility data of Kvalnes and Gaddy 
(/2) its weight was calculated. The total 
volume of propane and methane in the 
Jerguson gauge was measured in a gaso- 
meter at atmospheric pressure at the con- 
clusion of the experiment making the 
proper correction for the vapor pressure of 
the sealing water. The volume of methane 
charged was subtracted to obtain the vol 
ume of propane. Its weight was calculated 
with the aid of previously published com- 
pressibility data (2, 4). There then re- 
mained only a small correction for the 
methane and propane in the vapor phas« 
This never amounted to more than 10% of 
the total charged and usually was about 
5%. For this correction, the density and 
composition of saturated propane-methane 
vapor in equilibrium with its liquid at the 
observed pressure and temperature of the 
system were used (15). As shown before 
there is a negligible error in assuming the 
gas phase to be completely hydrocarbon 
(5). The accuracy of the calculation de- 
pends upon the effect of the solute on the 


phase 
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relative volatility of methane and propane. The third pair, stearic acid and methane basis) having a critical temperature of 

The assumption that this is negligible is (entirely hypothetical at this tempera- 85.4° C. It should be noted that the 

reasonable since the solutes were almost 

nonpolar. However, even if the densities ture) would be almost immiscible. In diagram is abbreviated in order to en- 

determined for saturated conditions were the diagram, the area within the curve large the scale. The points labeled 

20% in eror, an over-all error of only represents a two-phase region while out Stearic Acid and Methane do not repre- 

ca would result in the composition of the side the curve there is complete misci- sent 100% as shown. 

liquid propane-methane mixture because of The carve lf Ge 

dhe canal cine of Gee y. curve itself is re atively flat The essential part of the diagram, 

except at its extremities where large covering the solute concentrations of 

Vaterials. The propane and methane increases in methane concentration are 19 to 34% by weight, was rerun at a 

Ruth obtained irom the Matheson Co., East necessary to produce phase separations. lower temperature, 71.2° C. (Fig. 3). 

Xutherford, N. J. Both were specified to The entire two-phase reg 

be at least 99% by weight pure, the im . t 5 om ee region extends Similar phase separations were again 

purities being other saturates. Trilaurin only from 3 to 47% by weight solute. obtained, but with somewhat higher 

and trimyristin were obtained from East The dotted line across the diagram methane concentrations. 

man Kodak were designates the composition of the The system, trimyristin-propane- 

tr propane-methane mixture (solute-free methane, was also investigated quantita- 

in about 90% purity, the other 10% being 

primarily palmitic acid in the stearic and 

vice versa. Each was recrystallized four 

times from ethanol. (See Table A.) 


Results 


Table 1 presents the data from a pre- THE SYSTEM, 
liminary investigation of the solubility STEARIC, 
of fatty acids and triglycerides in AT 712°C 
propane-methane mixtures. Stearic acid, 
palmitic acid, trimyristin, and trilaurin 
were tested because complete phase dia- 
grams had already been determined for 
each with propane alone. In all four 


cases, the ternary systems methane- 
propane-solute exhibited — two well- 
defined liquid phases at temperatures 
well below the critical solution temper- 
ature for the corresponding binary 
mixture of propane-solute. The amount 
of methane necessary for phase separa- 
tion depended upon the temperature, the 
nature of the solute, and the initial 
composition of solute in propane. 

The critical solution temperature tor 
a binary mixture of propane and 
stearic acid was 91.4° C. (5) Below this 
temperature there is only a single liquid 
phase regardless of composition. Test 
runs were made at 88.5° C. and 85.5° C. Fig. 3. 
with methane as a third component. In 
the first’ instance, phase separation was 
observed at the following composition omens 
in weight per cent, methane 1.2, propan 
79.3, and stearic acid 19.5; in the second sverm, - - 
(at lower temperature), methane 1.7, 


METHANE 


The Composition 
rhe Temperature Pressure (solute - free) 


Composition in Weight Per Cent %c. Mol Per Cent 


propane 75, and stearic acid 23.3. 
results for palmitic acid, trimyristin, 
and trilaurin were similar to those for 
stearic acid and the details may be 
found in Table 1. 

On the basis of the preliminary data, 
the ternary systems, methane-propane- 
stearic acid and methane-propane-tri 
myristin, were chosen for more complete 
study. The phase diagram for methane- 
propane-stearic acid at &5.4°C. is 
shown in Figure 2. The composition 
and pressures at phase separation are 
recorded in Table 2. The diagram is 
typical for a ternary mixture consisting 
of two pairs of completely miscible sub 
stances, methane and propane (in all 
possible combinations below the critical 


pressure), and propane and stearic acid. 
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best 
XA 
4 
{ 
5 
Trimgristin Methane Propane Methane 
4.0 4.6 91.4 69.6 682 12.1 87.9 
8.0 3.5 68,5 630 9.8 90.2 
8.3 3.4 88.3 620 9.5 90.5 q 
17.5 2.5 80.0 880 7.7 92.3 
a 34.6 1.7 63.7 e $80 7.0 93.0 4 
Enh 42.8 1.7 55.5 . 630 7.8 92.5 
47.5 1.7 50.8 640 8.5 91.7 
53.9 2.2 47.9 730 2.1 87.9 
gos 57.5 2.0 40.5 a 715 12.0 68.0 
aie 17.1 3.9 79.0 61.0 640 11.6 66.2 
32.3 2.9 64.8 637 1.2 86.9 
sere 
42.6 2.5 84.9 635 10.9 89.2 


tively, and the phase diagram and table 
of results at 69.6°C. are found in 
Figure 4 and Table 3. The diagram is 
CONJUGATE LIQUID COMPOSITIONS similar to the one for stearic acid, but 
less methane is needed for phase 
Extract Reffipate separation at comparable temperatures 
and compositions. The two liquid phases 
Weight are obtained from about 4 to 54% by 
Trimgristin Propane Methane Trimyristin Propane Wethane weight solute. Once again, parts of the 
diagram were also determined at a 
lower temperature, 61.0°C. This dia- 
3.5 gram and table are shown in Figure 5 
3.5 and Table 3. 

3.0 
Conjugate Liquid Compositions. The 
- major disadvantage of the synthetic 
method in the study of phase relation- 
2.5 ships is the inability to secure “tie-line” 
2.5 data, the compositions of the two liquid 
phases in equilibrium. In the systems 
investigated in this work, however, this 
information can be calculated since the 
total pressure was always the pressure 
in equilibrium with one or two liquid 
phases. At the point of initial phase 
SOLVENT DENSITY AT INITIAL PHASE SEPARATION POR THE PRELDCINARY RUNS separation the total liquid composition 
is the same as that of one of the phases. 
Methene-Propene _____ The pressure at this point is also the 


Critical Solvent 
Solute Teap. Sol'n. Temp. Density Pressure 


3.0 


TABLE 5 


same as that in equilibrium with the 
conjugate layer. Since the solute in 
Trileurin 12.0 67.9%. 67.4%. 0.387 these systems (volatile hydrocarbon and 

‘ high molecular weight acid or triglycer- 
ide) has always been considered to be 
totally in the liquid phase, a simple plot 
of pressure (at initial phase separation ) 
Blnitic acid 14.9 96.9 96.9 0,296 against weight per cent solute gives a 


Triayristin 79.9 79.4 0.373 590 


Stearic Acid 19.4 91.6 91.4 0.325 625 
23.3 v1.4 0.384 632 


curve on Which two solute concentra- 
tions linked by a line of constant pres- 
of conjugate layers. With the aid of the 
ternary phase diagram, these solute 
compositions can be translated into total 
compositions for each layer. Actually 
the limitation that the solute be com- 
pletely in the liquid phase need not apply 
as long as the weight of the components 
in the vapor phase is negligible in com- 
parison with the liquid phase. 
' The accuracy of this method in deter- 
mining equilibrium concentrations de- 
pends upon the precision of the pressure 
measurements. This investigation used 
only a well-calibrated Bourdon pressure 
gauge since its primary purpose was not 
that of securing tie-line data. However, 
the method of calculation is interesting 
and does have particular value where 
sampling is impossible or the analysis is 
difficult. For this reason, its application 
to the data for the ternary system. 
methane-propane-trimyristin has been 
included. 


The graph in Figure 6 is a plot of 
the pressure at initial phase separation 
against weight per cent trimyristin at 
69.6° C. As explained previously, the 
solute concentrations of the two layers 
in equilibrium were obtained by travers- 
TRimyristin img a line of constant pressure. In 

Figure 7, the envelope conditions for 
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the ternary diagram are replotted in 
terms of only weight per cent propane 
and weight per cent trimyristin. From 
the solute concentrations, the propane 
concentrations were then found. The 
methane concentrations were, of course, 
100-weight per cent propane-weight per 
cent trimyristin. Table 4 lists some of 
the compositions of conjugate liquid 
layers. 


Comment. In previous work with 
propane and fatty acids or triglycerides 
it was suggested that changes in the 
liquid density near the critical tempera- 
ture of propane were responsible for the 
reversed solubility phenomena. In this 
investigation methane was chosen as the 
third component using the same systems 
so that the liquid density could be varied 
(diminished) at a given temperature 
and the subsequent solubility changes 
observed. Because of the similarity of 
methane and propane, their nonpolar 
character, their inability to solvate or to 
compound with the solute, it was 
thought that any changes in the solvent 
power of the liquid medium could be 
traced to density changes. 

A direct measurement of the liquid 
density at the point of initial phase 
separation was not feasible in this equip- 
ment, nor was such information avail- 
able for comparison with the binary 
systems with propane alone. Instead, 
the density of the solvent alone at the 
conditions of phase separation was 
chosen as a basis of comparison. For 
propane alone and propane-methane 
mixtures this information was available 

2, 4, 15). 

For the preliminary runs, the data are 
included in Table 5. At the same con- 
centration of solute, the supposition was 
that the densities would be about the 
same either with propane alone or with 
propane-methane mixtures at the point 
of insolubility. The results were en- 
couraging in that over a wide diversity 
of conditions at phase separation the 
solvent densities for propane alone and 
propane-methane were almost identical. 
This analysis was carried out for both 
complete ternary systems, the one with 
stearic acid, the other with trimyristin. 

For the sake of comparison, the solv- 
ent densities at initial separation for 
hoth the ternary and binary systems 
were plotted on the same graph against 
the weight per cent solute, Figure 8 for 
trimyristin and Figure 9 for stearic 
acid. The density values from which 
the graphs were constructed are listed 
in Table 6. The curves are inverted U's 
showing the maximum density at which 
phase separation can occur. For tri- 
myristin in liquid propane, Figure 9, 
curve 4, this maximum density is 0.380 
g./cc., in propane-methane mixtures at 
69.6° C., curve B, the value is 0.384 
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g./cc., and in propane-methane mixtures 
at 61.0°C., curve C, 0.389 to 0.390 
g./ec. The parallelism exhibited by the 
curves was excellent over the entire 
range of solute concentrations studied. 
In the ternary systems, however, the 
curves seemed to be displaced slightly 


TABLE 6 


towards the lower weight per cent solute 
concentrations. The dotted lines across 
the diagram show the density of liquid 
propane at 69.6°C. and 61.0°C. and 
are for comparison. 

It should be noted that the densities 
shown by curve A for pure propane as 
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Fig. 6. The system, trimyristin-propane-methane at 69.6 C. 
Pressure at initial phase separation versus weight per cent trimyristin. 


the solvent were obtained by using ele- 
vated temperatures. In other 
the necessary decrease in density can 
be obtained either by raising the temper- 
ature of the single solvent or by mixing 
methane with it. Although the total 
change in density effected by mixing 
with methane was only from 5 to 10 
per cent, it was significant since it is 
juivalent to the density change pro- 
uced by a 10° to 20°C. rise in tem- 
erature for propane alone. 
In Figure 9, the density curve for 
earic-acid-propane was obtained from 
e temperature-composition 


words, 


data of 


tween the binary and ternary data at 
°C. was good although not as good 
in tie trimyristin series. For exam- 


WEIGHT PERCENT PROPANE 


ple, from curve 4, the maximum density 
for phase separation with stearic acid 
and propane is 0.320 to 0.322 g./cc. 
while for the propane-methane 
tures, the corresponding value is 0.331 
to 0.333 g./cc. It is obvious, however, 
that the densities for propane-methane- 
stearic acid at 71.2° C. were appreciably 
higher than the other two systems, the 
approximate maximum being 0.355 to 
0.357 g./ece. In 


miix- 


involving 
stearic acid, though, the degree of asso- 


systems 


ciation of the acid at varying tempera- 
tures is an important factor. In general, 
the lower the temperature the greater 
the association, and therefore, the 
greater the effective molecular weight. 
lf the association had been 1.8 at 90° C., 
perhaps at 70° C. it increased to 1.9 to 
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Fig. 7. The system, trimyristin-propane-methane at 69.6 C. 
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2.0. Because of the higher effective 
molecular weight, stearic acid should be 
less soluble and separate as a second 
liquid layer at a greater density than 
would be predicted. The trend of the 
density deviation for the ternary sys- 
tems was in the correct direction. 

The solvent density, although a con- 
trolling factor, is certainly not the only 
variable involved in the solubility of 
fatty acids or triglycerides in propane- 
methane mixtures. The solute density 
also must have some effect on the solu- 
bility. Ordinarily, over small ranges in 
temperature the solvent density changes 
rapidly in comparison with the solute 
density. When the experimental results 
for the stearic acid-propane system at 
about 90° C. 
for the propane-methane mixtures at 
70°C. the in solute density 
should be considered. 

In view of the fact that methane and 
propane are closely related members of 
the paraffin hydrocarbon series, the ex- 
tension of the actual density values to 
other solvents should be done with care. 
This would be especially true in the case 
of polar solvents. 

A study of the solubility of nonpolar 
solutes in nonpolar solvents has been 
made by Hildebrand and 
(7) over a ten-year period in the testing 
of a generalized solubility equation in- 
volving the use of both the solute and 
solvent molal volumes. 

The equation which is based on the 
existence of pure Van der Waals forces 
between nonpolar molecules is shown as 


@ = — (E2/V2)* 
(1) 


are compared to results 


changes 


co-workers 


where 


@ = energy of transfer of a mole 
cule from its pure liquid to 
a given solution 
= molal volume of solute 
molal volume of solvent 
energy of vaporization of solv- 
ent from pure liquid 
= energy of vaporization of so- 
lute from pure liquid 
= volume fraction of solvent in 
solution 


When the solubilities are recorded 
over a range in temperature as in liquic- 
liquid systems E/l’ varies and can be 
replaced by a/l'? where a represents the 
Van der Waals constant. 


= Vela," 


— a, 
(2) 


The term within the parenthesis often 
has been called D for the sake of con- 
venience. 

Since @ in Equation (2) is a measure 
of the energy of solution, then the 
solvent and solute density (proportional 
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Fig. 8. Solvent density at initial phase 
separation for trimyristin. 
A—in liquid propane. 
in propane-methane at 69.6° C. 
C—in propane-methane at 61.0° C. 


to the reciprocal of the molal volume 
1”) are the major factors affecting the 
solubility at a given concentration. The 
experimental data for the propane and 
propane-methane solutions seem to sub- 
stantiate this contention. Furthermore, 
on the basis of Equation (2) it is easy 
to illustrate qualitatively why propane 
and propane-methane solutions exhibit a 
lower critical solution temperature. As 
the temperature both the 
molal volume of the solute and the vol- 
ume fraction solvent become greater. 
Over the temperature range studied the 
term representing the solute, 
changes only slightly, while the term 
(a,*/V',) representing the solvent, de- 
creases rapidly. Inasmuch as the former 
is always greater than the latter, the 
net result is a substantial increase in 
the squared value of D. The over-all 
effect of all of these changes is a con- 
tinuous increase in the energy necessary 
for solution until finally phase separa 
tion occurs. In contrast, the systems 
studied quantitatively by Hildebrand had 
a decreasing value for the term D with 
increasing temperature, thus diminish- 
ing the energy of transfer. Complete 
miscibility of two liquid phases could, 
therefore, be obtained by increasing the 
temperature. This gives rise to systems 
with an upper critical solution temper- 
ature. 


increases, 


Applications of Data. Experimental 
data show that phase separation for long 
chain fatty acids or their triglycerides 
be effected by the addition of 
methane to propane solutions at almost 
any desired temperature. The same re- 
sults were achieved by the addition of 
methane to isobutane solutions of tri- 
myristin. Undoubtedly a similar effect 
could be produced by the addition of 
ethane to propane or isobutane although 


can 


larger amounts might be necessary. 
The possibility of operating a separa- 
tion process at a selected temperature 
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Fig. 9. Solvent density at initial phase separation for stearic acid. 


A—in liquid propane. 
B—in propane-methane at 85.4° C. 
C—in propane-methane at 71.2° C. 


opens new opportunities for increasing 
the selectivity of the solvent mixture. 
Ralston and Hoerr (10, 11, 14) ob- 
served in solubility studies with fatty 
acids and a large number of nonpolar 
solvents that the solubility at a given 
temperature was primarily a function 
of the melting point of the acid. As 
the melting point of the acid is ap- 
proached, the solubility increases rapidly 
to an infinite value. Therefore, by 
choosing a temperature at which one of 
the acids is a solid and the other a 
liquid, a given solvent should have in- 
creased selectivity for the fatty acid or 
triglyceride. This procedure can be 
tollowed by adding sufficient methane to 
the propane solution of the fatty acids 
and triglycerides to create a second 
liquid phase at the desired temperature. 

A second advantage in the use of a 
solvent mixture is the added flexibility 
in the operation of a continuous liquid- 
liquid extraction system. A _ pressure 
gradient could be maintained over the 
system which would produce different 
methane concentrations. With different 
compositions there would different 
solvent densities. Individual solutes 
would then tend to concentrate at spe- 
cific portions of the system and could 
be removed as sidestreams. 

Finally, the solvent mixture involves 
the use of propane with methane or 
possibly ethane. All are readily avail- 
able, low-cost The chief dis- 
advantage of the mixed solvent is the 
necessity of higher pressures, 700 to 
800 Ib./sq.in. instead of 500 to 600 Ib 
An economic balance 
would be required to determine whether 


be 


solvents. 


sq.in accurate 
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or not the solvent mixture is advantag 


eous. However, as pointed out prev 
iously, the mixture offers the attractive 


possibility of better separations. 
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HEAT TRANSFER 
PROCESSING VISCOUS MATERIALS 


E. PERRY and F. E. REESE 


Monsanto Chemical Company, Springfield, Massachusetts 


Heat transfer in viscous materials is important in those industries 
processing lube oils, waxes, asphalts, high polymers and similar mate- 
rials. The problem of heat transfer in the plastics industry is typical of 
those encountered in the general field of high viscosity products. 


A theoretical approach to heat transfer in high polymers is complicated 
by the peculiar flow characteristics, the non-Newtonian nature, the tem- 
perature vs. viscosity relationships, and the low thermal conductivities 
of most polymers. This difficulty in developing a theoretical approach 
complicates equipment design and the development of processes. 


In most cases heat transfer governs the method of processing employed. 
Special types of polymerization systems, e.g., suspension, mass, emul- 
sion, and solution, are used to meet varying heat-transfer conditions. 
Wide varieties of polymer-processing equipment are in use to handle 
material in large masses or in thin films depending upon heat-transfer 
requirements. 


The authors are unable to clarify the theoretical aspects of heat transfer 

for the subject class of materials, but a series of case histories is presented 
llustrating various methods by which satisfactory heat transfer is ob- 
ained in the processing of high polymers. Through a careful study of 
he chemical and physical characteristics of a material, the correct pro- 
essing approach from a heat-transfer viewpoint can be selected for most 
iscous materials. 


N examination of the literature per- 
taining to heat transfer in viscous 
aterials discloses that discussions and 
udies have been restricted generally 


The handling of heat-transter prob 
lems for materials of greater than 2-5 
poises viscosity unfortunately has not 
been equally well defined but has been 
characterized by references (10) as a 
“most difficult and important problem.” 
Difficult though this heat-transfer prob- 
lem may be, it still must be faced regu- 
larly for substances with viscosities of 
100, 1000, or even 1,000,000 poises in 
those industries which process lube oils. 
waxes, asphalts, high polymers and 
similar materials. Further, the problem 
must be faced at present without the 


the lower viscosity ranges typified by 
more fluid of the petroleum and 
yetable oils. Theoretical approaches 
carrying out heat-transfer calcula- 

ms have been established for such ma- 
térials, particularly where the fluid is 
being handled in pipes (1-3, 5, 7, 9-13 
15-18). These treatments are adequate 
the majority of the heat-transfer 

-s which fall in the viscosity ranges 


w 2-5 poises aid of theoretical or empirical formulas 


VISCOSITY — POISES 


10 10 


SHEAR STRESS-DYNES PER SQUARE CENTIMETER 
ig. 1. Viscosity of styrene plastic as a function of shear stress. 
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for process development or equipment 
design work. 

Problems of heat transfer encountered 
in the high polymer field (or as it is 
more popularly known—the plastics 
field) are characteristic of those en 
countered in the general field of high 
viscosity materials. Consequently, a con- 
sideration of the heat-transfer problems 
and techniques in the high polymer in- 
dustry is representative of the broad 
field of viscous materials. The polymer- 
ization and the subsequent processing of 
polymeric materials require adequate 
heat-transfer control over fluids having 
viscosities below that of water to those 
exceeding 10° poises—often within a 
single reaction step. Table 1 lists vis 
cosities for various polymer and poly- 
mer-forming substances as an indica- 
tion of the wide range of viscosities for 
the materials in which the high polymer 
industry must control thermal energy 
Particular emphasis has been 
placed in this discussion upon the vis- 
cosity range above 2-5 poises because 
lower viscosity materials, in most cases, 
are subject to analysis through available 
literature sources. 


transfer. 


General Comment 

A rigorous theoretical approach to 
heat transfer in the formation and 
processing of polymers is complicated by 
the non-Newtonian viscosity behavior 
and attendant peculiar flow characteris- 
tics, the temperature vs. viscosity rela- 
tionships, and the low thermal conduc 
tivities of most polymers. 

A detailed discussion of the rheolog- 
ical behavior of viscous materials (6) 
is beyond the scope of this paper. How- 
ever, certain flow characteristics for the 
majority of high viscosity materials 
must be understood and borne in mind 
in any discussion of heat-transfer 


TABLE 1 VISCOSITIES OF TYPICAI 
HIGH POLYMERS AND POLYMER 
FORMING MATERIALS 

Approximate 

Viscosity 

at 25° C.+ 
Material Poises 

Styrene monomer 10 
Styrene plastic 10" 
Phenol-formaldehyde (aqueous) mix 10° 
Phenol-formaldehyde resin 10” 
Vinyl chloride monomer 10-* 
Vinyl chloride polymer . haere 10" 
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mechanisms. Polymers do not exhibit a 
Newtonian viscosity relationship where- 
by the viscosity is constant regardless 
of the rate of shear in the material. 
Instead, the apparent viscosity of a 
polymer tends to decrease as the rate 
of shear increases. This effect is marked 
at all but low rates of shear. Figure 1 
illustrates the relationship between vis- 
cosity and shear stress for styrene 
plastic (14). This pseudoplastic behav- 
ior is typical of polymers even in many 
cases where the polymer is present in 
a solution. 

For highly viscous materials it is ob- 
vious that flow must be streamlined 
rather than turbulent. However, the 
type of flow exhibited in the more vis- 
cous regions is not streamlined in the 
conventional concept of the term. Fig- 
ure 2(a) represents the velocity distri- 
bution exhibited by a Newtonian mater- 
ial in streamline flow passing through a 
cylindrical section. Figure 2(b) illus- 
trates qualitatively the velocity distribu- 
tion of a viscous polymer flowing under 
the same conditions. It will be noted 
that the flow of plastics takes place in 
pipes or other sections in “plug” flow 
wherein the central core of the material 
moves forward at a uniform speed and 
the drop-off in rate to zero at the wall 
is rapid over a short percentage of the 
distance from the wall to the center of 
the plug. This behavior of the material 
approaches that of true plastic flow 
where the substance has a yield point 
requiring a minimum force which must 
be exerted to induce flow of the ma- 
terial (6). 

Polymers can exhibit also thixotropic 
characteristics wherein at high rates of 
constant shear there is a decrease in 
viscosity with time because of disen- 
tanglement and alignment of the long 
polymer chains. 

The viscosity of a polymer is ex- 
tremely dependent upon the temperature 
of the material. For purposes of ap- 
proximation, viscosities follow the gen- 
eralized viscosity-temperature curve in 
Figure 3 (16). The slope of this curve 
in the high viscosity regions indicates 
a great sensitivity of the viscosity to 
small temperature changes. Figure 4 
presents specific data relating the vis- 
cosity of styrene plastic and of styrene 
plastic dissolved in styrene monomer to 


TABLE 2.—THERMAL CONDUCTIVITY OF 
TYPICAL HIGH POLYMERS AND OF 
INSULATING MATERIALS 
Therma! 
Conductivity 


Material 
Plasticized polyvinyl butyral 
Phenol-formaldehyde resin 
Acrylic plastic 
Polyethylene .. 
Plasticized polyvinyl chloride 
Styrene plastic 
Cellulose acetate ° 
Kaolin insulating brick 
Asbestos 
Fiber insulating board 
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temperature (1/4). Wide shifts in vis- 
cosity levels with changes in tempera- 
ture are typical of not only the pure 
polymers but also of the solutions of 
the polymers. 

Most polymers have low coefficients 
of thermal conductivity in the range of 
insulating materials such as ground cork 
and asbestos. Table 2 presents thermal 
conductivity data for several typical 
polymers and insulating materials. Solu- 
tions of polymers will vary in this 
property in relation to the type of solv- 
ent and the concentration of the poly- 
mer. 

Further complicating attempts to 
establish valid fundamental relationships 
for heat-transfer calculations is the fact 
that the procuring of data on the above- 
indicated properties is a tedious and 
sometimes a seemingly impossible task. 
Influencing the values for these data are 
the chemical make-up of the polymer, 
the presence of modifiers, and the test 
methods used. 

Polymeric materials do not neces- 
sarily possess an exact chemical compo- 
sition. One of the most important fun- 
damental characteristics governing their 
flow properties is molecular weight. 
Conventional molecular-weight determi- 
nations establish an average weight and 
the material is then characterized by 
this figure. However, all commercial 
polymers are mixtures of high and low 
molecular-weight materials, and the dis- 
tribution of these values may vary 
widely while still maintaining the same 
average weight. Consequently, sup- 
posedly similar materials with identical 
average molecular weights may have 
widely varying molecular-weight distri- 
butions with resultant wide variations in 
flow properties. 

Polymers, in common with the ma 
jority of the other highly viscous mater- 
ials, are frequently combined with 
modifying agents during their process- 
ing. Each change in type or amount of 
modifier essentially results in a com- 
pletely new set of physical character- 
istics for the polymer formulation. The 
number of formulations encountered in 
commercial practice for a given polymer 
is often staggering as a result of the 
incorporation of as many as ten modi- 
fiers in amounts ranging from 1% to 
90% of the resulting product. 

Finally, and of basic importance to 
the situation, test methods have not been 
established for determining the flow 
properties of all viscous materials, par- 
ticularly in the viscosity range over 100 
poises, and the validity of certain test 
methods which are used is open to ques- 
tion. 

A most difficult and tedious character- 
istic to establish is the viscosity-temper- 
ature-rate of shear relationship. Vis 
cosimeters used for this purpose include 
the Ostwald, the falling ball, the rota- 
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(0) NEWTONIAN MATERIAL 


(&) PSEUDO-PLASTIC MATERIAL 


Fig. 2. Velocity distribution for stream- 
line flow of viscous materials. 


tional, the Bingham, and the parallel 
plate with the latter three being particu- 
larly applicable to the higher viscosity 
ranges. Establishment of the required 
families of curves for viscosity, temper- 
ature, and rate of shear is a laborious 
task with any of these test methods. 

Interpretation of the 
results obtained viscosity determina- 
tions in the regions of high rates of 
shear is open to considerable theoretical 
question because of the previously men 
tioned pseudoplastic flow of polymers, 
Valid quantitative characterizations of 
viscosity for high viscosity polymers 
can be established only in the regions 
of low rates of shear. Therefore, it 
should be noted that viscosities indicated 
for specific materials in this discussion 
refer to viscosities extrapolated to zero 
rates of shear, and these viscosities are 
used to indicate relative viscosities for 
a given condition recognizing that 
changes in temperature and rates of 
shear will not produce identical shifts 
in viscosity levels. 

Ignoring theoretical problems in the 
interpretation of experimental data, 
other operational problems make difficult 
the accumulation of data. During vis 


experimental 


cosity tests at significant rates of shear 
the material itself is apt to undergo 
changes which invalidate the data ob 
tained. Mechanical shear can sever the 


VISCOSITY — POISES 


TEMPERATURE 


Fig. 3. Generalized viscosity curve for 
liquids. 
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bonds in some of the high molecular- 
weight chains with a resultant lowering 
of the average molecular weight and a 
significant and permanent decrease in 
the of the polymer. Thixo- 
tropic effects will also become apparent 
at high rates of shear. 

Attempts to obtain high temperature 
data are often balked by the thermal 
instability of the material under test. 


viscosity 


Attaining of and equalization of temper 
atures in the test equipment may exceed 
the allowable residence time of the poly- 
test temperatures without 
gradation of the polymer. Uncertain 
temperature control may exist in the test 


mer at de- 


specimen because of heat added to the 
material through the used for 
producing the required rates of shear. 
At high rates of 
shear produce appreciable changes in 
stock temperature such that the estab- 
lishment and maintenance of a unitorm 


energy 


viscosities even low 


test temperature are difficult. 

Despite the above-indicated problems 
fundamental viscosity or 
has 
developing 


in acquiring 
data, 
recent 


flow progress been made in 


years in versatile 
pieces of test equipment which can be 
used to establish qualitative relation 
ships in the ranges ard 
quantitative for 


polymers under idealized conditions, It 


high viscosity 


even values selected 


is anticipated that if the rheologists con- 


tinue their present rate of progress 
Past will be available soon to permit 


precise studies of heat transter even im 
Sthe high viscosity ranges. 

The 
Sattempt to clarity the theoretical aspects 
tof heat transfer for the subject class 
fof materials. but it is their intention to 
ppresent a practical approach to the 
pproblem through an analysis of the fun 
damental involved specific 
Iproblems of heat transfer in high vis- 
icosity polymers. A series of case his- 
Mories will be presented covering a va- 
riety of circumstances to illustrate the 
Telation between the physical and chem- 
cal properties of a material and the 
Solution of the heat-transfer problem 
Gor that material. 

The types of heat-transfer situations 
which may be encountered involve the 
addition of heat to initiate reactions, the 
jaddition of heat to accomplish melting 

r fusion, the removal of heats of re- 
the removal of heat resulting 
from mechanical working, and the re- 
moval of heat to stop reactions or to 
gain rigidity in the material. 

Generally, addition of heat to initiate 
reactions is carried out on systems hav 
ing low viscosities, i.e., 


authors are unable, and will not 


factors 


ction, 


2 poises, and 
the problem is not too complicated at 
these low viscosity levels. The addition 
of heat to accomplish melting or fusion 
of materials is ordinarily 
with the most viscous of substances and 


associated 


presents a problem in the maintenance 
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TABLE 3.—HEATS OF POLYMERIZATION 
AND VAPORIZATION FOR COMMON 
MONOMERS 
AH,-Polym- Vapor- 
erization i 
(B.t.u./Ib.) 


AH 
AHe 
75 


ization 
Monomer (B.t.u./Ib.) 
Ethylene 
Styrene 
Acrylonitrile 
Vinyl acetate 


of an adequate rate of transfer to obtain 
rapid fusion. 

The removal of 
must be accomplished from materials in 
all viscosity levels and represents a most 
perplexing step in all polymerization 
reactions. Table 3 lists typical heats 
of polymerization for the 
more common monomers to indicate the 
magnitude of the problem. The removal 
of heat resulting from mechanical work- 
ing of the stock vies with heat of poly- 
merization removal for the position of 
the most difficult heat-transfer problem 
Mechanical shear will add appreciable 
quantities of thermal energy only to the 
more viscous fluids. Therefore, viscosi- 
ties in excess of 100 poises are encoun- 


heats of reaction 


several of 


tered when mechanical heat is a factor ; 
unfortunately, the the 
heat-removal problem is directly related 


magnitude of 


to the viscosity encountered. 
from materials 
to stop reactions (either polymerization 


The removal of heat 


or degradation) or to gain rigidity im 
materials is for materials of 
all viscosity ranges and the difficulty of 
the task is a function of the substance’s 
viscosity. 


necessary 


Generally speaking, the addition of 
heat to a material 
present the problem that removal of 
heat presents. In the addition of heat, 
the material adjacent to the heating sur- 


viscous does not 


face will be of a relatively low viscosity 
the wall film kept to a 
minimum. The principal problem re- 
volves around removal of the wall film 


and can be 


coupled with blending it into the main 
body of stock. This wall-film removal 
supplies fresh material to the heating 
and the existence of a 
stagnant hot laver having high heat- 


zone prevents 


transfer resistances. In the higher vis- 
cosity ranges the possibility of adding 
heat by mechanical working provides an 
efficient and rapid heating scheme where 
applicable. 

Heat transfer in viscous materials is 
particularly difficult when heat must be 
removed. The problem of heat transfer 
in a cooling step resolves itself into a 
question of best to minimize the 
effect of the high film resistances on the 
viscous liquid side. The thermal 
conductivity of the polymers means ex- 
tremely high for films of 
Also, attempt 
to employ high driving forces for heat 
transfer by using low temperature cool 
ing media result in thick, extremely 
high viscosity wall films which are diffi- 
cult to remove 


how 
low 


resistances 
even moderate thickness. 
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The general aims in cooling are to 
maintain a minimum film thickness 
through adequate removal of the wall 
film and to avoid the excessive addition 
of thermal energy from mechanical 
working in the higher viscosity regions. 

The importance of maintaining thin 
films of the viscous material relates to 
the conventional approach to the over-all 
heat-transfer coefficient. If one consid- 
ers a heat-transfer medium, a dividing 
barrier, and a material being heated or 
cooled all in series, then 

1 

Ly 

ky, 
where 

l over-all heat-transfer coeffi 

cient 

film coefficient of heat transfer 
for the heat-transfer medium 

film coefficient of heat transfer 
for the material being heated 
or cooled 

thickness of the dividing bar- 
rier 

k, = thermal conductivity of the di- 

viding barrier 


The h, is some inverse function of the 
film thickness and a direct function of 
the film's thermal conductivity. For 
most viscous materials, 4, is normally 
small compared to /,, and L,/k, because 
of the low thermal conductivity and/or 
the thick wall films existent in the vis- 
cous Therefore, h, is the 
dominant heat transfer. 
By reducing the film thickness, however, 
to be of the 
as the other 
can be in 


systems. 


resistance to 


h, can be increased so as 
same order of magnitude 
resistances or sometimes 
creased to the point where its resistance 


is negligible compared to the total re- 
sistance to heat transfer. 

A study of the high polymer industry: 
immediately discloses that heat transfer 
almost invariably governs the process- 
ing method, selected for a material. It 
would be easy to design equipment 
which has the ability to carry out the 
necessary mixing, distilling, or reaction 
steps if heat transfer could be ignored. 
However, heat transfer is so complex 
and difficult to control that all other 
factors are compromised to gain the 
necessary temperature control. 

The difficulty in developing a theoret- 
ical approach to the heat-transfer 
problem complicates equipment design 
and the development of methods of 
processing in the high polymer industry. 
Equally disconcerting is the lack of 
universally accepted practical solutions 
to the heat-transfer problem. For a spe- 
cific case one often finds several “pre- 
ferred” methods. Unfortunately, too 
often it is discovered that the recom- 
mended processing step is based upon 
the use of a favorite type of processing 


equipment rather than upon a caretul 
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study of the 
out a truly 
problem. 


factors involved to single 
correct approach to the 


Examples 

In the illustrations given in this sec- 
tion of the paper, it will be noted that 
the difficulty of a heat-transfer job is 
reflected in the size of the batch or 
volume which is handled. Easily con- 
trolled materials are handled in large 
volumes and thick sections. Into this 
category fall viscosity materials, 
viscous media in adiabatic operation, and 
viscous media in which the heat load is 
small. With an increase of heat load or 
viscosity, or when limited dwell time 
at high temperatures is necessary, the 


low 


volume of the material in process is re- 
duced until thin films are handled in the 
most exacting cases. Special techniques 
are employed to overcome heat-transfer 
problems with material in the viscosity 
range of 10" to 10™ poises so as to take 
advantage of the use of equipment with 
large working volumes. 


I. Large Working Volumes. Polymeriza- 
tion reactions involve viscosity ranges 
which may be as wide as 10° to 10” poises 
in the course of a single reaction. This 
change in viscosity follows from the fact 
that polymers, which have a molecular 
weight of 50,000 to 3,000,000 are produced 
from simple molecules of molecular weight 
20 to 150. Heat-transfer problems involve 
both heating and cooling. Heat is supplied 
to initiate the reaction; during the exother 
mic polymerization reaction, heat must be 
removed ; then, heat is supplied for remov 
ing undesirable volatiles and to provide 
sufficient mobility for handling ; finally, the 
plastic masses are cooled for crushing and 
to maintain the desired shape 


Addition Polymerization 


Formation of styrene plastic from styrene 
monomer provides an example of the prob 
lems which are encountered in polymeriza 
tion reactions. Figure 4 shows how the 
viscosity varies widely as a function of 
temperature and degree of conversion. The 
sequence of operation involves (1) heating 
the monomer (10° poises) to the reaction 
temperature of 80 to 160° C., (2) maintain 
ing the reacting mass (10° to 10” poises) 
at 80 to 160° C. by removing the heat of 
reaction (310 B.t.u./lb.), and (3) cooling 
the polymer to 25° C. (10" poises). Con- 
trolled partial polymerization may be 
effected in a kettle which is provided with 
a jacket and agitator, preferably with 
scraper blades on the heat-transfer surface 
to remove viscous organic wall films (4). 
Figure 5 shows how the over-all jacket 
heat-transfer coefficient, U’, decreases with 
increasing viscosity for styrene polymeriza- 
tion in a 200-gal. kettle. At 20-40% con- 
version, the viscosity is so high that ade- 
quate agitation is no longer feasible and 
temperature control would not be possible 
because the semisolid mass has a thermal 
conductivity of 0.070 B.tu./(hr.) (ft.) 
(° F.) comparable to common insulating 
materials. Before this point is reached the 
syrup can be discharged into cans of suit- 
ably small diameter (5 in. to 10 in.) such 
that the reaction can be kept under control 
by external cooling. The difficulty of pro- 
viding proper heat-transfer conditions is 
illustrated by the fact that six hours are 
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Fig. 4. Viscosity of styrene plastic solu- 
tions in styrene monomer as a function 
of temperature and conversion. 


required to cool 
160° C. to 40°C, 


styrene plastic from 

when the heat transfer 
distance is 2 in. and the cooling fluid has 
a temperature of 15° C. 


Condensation Polymerization 


Condensation of phenol with 
formaldehyde to produce lump (i.e., 
solids) resins involves the 
of 10% to 10° potses 
at 50° ¢ 


aqueous 

100% 
ranges 
Reaction is initiated 
and the exothermic chemical re 
action is controlled between 70°C. to 
95°C. After the reaction, excess water is 
removed by vaporization under reduced 
pressures as the resin temperature changes 
from 50 to 90° C. The resulting lump resin 
is cooled from 90° C. to 25° C., and may 
be ground for further processing conven 
ience. 

Chemical condensation and dehydration 
can be carried out in 500 to 3000-gal 
kettles, provided with jackets for temper 
ature control. Anchor-type agitators, 


viscosity 


8 


Btu - 
8 


U- OVERALL JACKET HEAT TRANSFER COEFFICIENT 


equipped with scrapers, are mandatory be 
cause the resins are thermosetting (1¢., 
heat-hardening); excessive wall temper- 
atures will cause the formation of insoluble, 
infusible films which lead to unsatistactory 
conditions of heat transfer. The viscosity 
increases throughout the cycle and ts at a 
maximum at the end of the dehydration 
Figure 6 illustrates how the over-all jacket 
heat-transfer coefficient varies with time 
during the dehydration cycle. The rapid 
decrease in the coefficient after two hours 
coincides with the disappearance of the 
aqueous phase 

Kettle-cooling of the 
satisfactory because of the time involved 
with the low jacket heat-transfer coefh 
cients and because the cold mass has such 
a high viscosity (ca. 10 that re- 
moval from the kettle would be difficult. 
Figure 7 shows how the the 
dehydrated resin varies as a function of 
temperature. For rapid cooling, the mass 
can be dropped onto a water cooled floor 
where the resin spreads in pancake form 
with thicknesses of 1 in. to 4 in. Cooling 
is effected by contact with the floor and 
by recirculating air over the upper surtace. 
Figure & illustrates the time-temperature 
cycle for a resin pancake of 4-in. thickness 
on a cooling floor. As an alternative, when 
the resin is to be shipped without further 
processing, it is often advantageous to 
discharge the dehydrated mass directly into 
shipping containers which are small enough 
for cooling within the allowable time 
temperature limits. Figure 9 shows typical 
cooling curves and illustrates the advantage 
of water vs. air cooling the container. Ap- 
parent over-all heat-transtfer coefficients for 
the two cases in Figure 9 are: Case A 
air cooled, | 33) Chr.) (sq. ft.) 
(*°F.). Case B—water cooled, | 70 
B.t.u./ Chr.) (° F.) (sq.ft.) 

When phenolic varnishes are produced 
the sequence of operations is the same as§ 
for lump through the dehydrationy 
stage. Instead of dumping for cooling, cold 
solvent is added directly to the mass in they 
kettle before the viscosity of the resin ex< 
ceeds 10° and the viscosity of the 
mass is reduced by the solvent to the 1- te 
10-poise range. The batch temperature i¢ 
lowered by contact with the cold solven€ 
and with the heat-transfer surface. With 
the working material in the low viscosity 
range, over-all jacket coefficients of 40-86 
3.t.u./(hr.) (sq.ft.)(° can be realizedg 
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Fig. 5. Over-all jacket heat-transfer coefficient as a function of viscosity. 
Mass polymerization of styrene in a kettle with agitation. 
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U- OVERALL JACKET HEAT TRANSFER COEFFICIENT- 8T.U./HR-F-FT® 


2 3 
TIME HOURS 


Fig. 6. Over-all jacket heat-transfer 
function of time. 


Blending and Colloiding 


Many dissolving, heating, and blending 
yerations are carried out with resins in 
viscosity range of 10° to 10° poises. 
leat input may be through the jacket or 
means of dissipation of mechanical en- 
on the material. For materials with 
cosities above 10 poises the dissipation 
mechanical energy is most significant 
ause heat transfer through the jacket 
Ils is small. The greater the viscosity of 
material, the more severe the problem 
temperature control. 
he mixing of a cellulose-acetate-type 
terial in a 150-gal., jacketed, Baker- 


7 


TEMPERATURE IN CENTER OF mass - *C 


TEMPERATURE 


WATER TEMPERATURE 


TIME - HOURS 


Fig. 8. Temperature as a function of 
time. Cooling phenolic lump resin on a 
cooling floor. 


Resin thickness of 4 in. 
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coefficient as a Fig. 7. 


Perkins mixer can be used to illustrate the 
problems involved in mixing operations. 
Figure 10 presents a stock temperature vs 
time curve and shows how the stock tem 
perature gradually increases to 61° C, 
despite a jacket temperature of 26° C. This 
material has a viscosity of 10‘ poises at 
50°C. By adding solvent an equilibrium 
level at 55° C. is established. This decrease 
in temperature is a function of the lower 
stock viscosity (10° poises at 50° C.) which 
decreases the addition of heat from mechan- 
ical working and simultaneously increases 
the heat-transfer coefficient through the 
jacket. 

A parallel case in the same equipment 
is that of a vinyl solution in which material 
of 10° poises at 50° C. attains an equilibrium 
temperature of 93° C. with a 24° C. jacket 
temperature. By dec reasing the viscosity to 
10° poises at 50° C. through solvent addi- 
tion, the equilibrium temperature falls to 
4° 

It is possible to decrease the equilibrium 
temperature without viscosity reduction by 
decreasing the paddle speeds, i.e., by de- 
creasing the rate of mechanical energy 
put. Figure 10 indicates how the a 
brium temperature is reduced from 55° C 
to 50°C. by changing the paddle speeds 
from 30 and 20 rev./min. to 25 and 15 rev./ 
min. 

Intensive mixing for the fusion and 
blending of materials in the range of 10° 
to 10° poises and 120° to 180° C. is effected 
often in a Banbury mixer. A widely used 
unit for polymer processing is the 34 size 
which handles 125-150 Ib. of material. As 
with the Baker-Perkins mixer the most 
serious problems are concerned with me- 
chanical heat input which is even greater 
for a Banbury because of the higher vis- 
cosity of stock being processed. In the 
range of working viscosities, jacket temper- 
atures and heat transfer through the walls 
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Ao cP as a function of temperature 
—phenolic lump resin. 


have no effect on the operation once the 
material is sufficiently fluxed to permit the 
intensive mixing action of the paddles to 
become effective. Temperature control is a 
function of mixing intensity alone since the 
operation is essentially adiabatic. 

Cycles are short followed by rapid re- 
moval of the stock to avoid degradation 
once the maximum allowable temperature 
is reached. Figure 11 illustrates a typical 
stock temperature curve for a plasticized 
vinyl polymer of viscosity 10° to 10° poises 
at 160° C. in a number 34 Banbury operat- 
ing at 70 rev./min. with a 140-lb. charge. 
The rate of temperature rise is constant 


-10 GALLON CONTAINER - AiR COOLED (15°C) 
8 - 10. GALLON CONTAINER - WATER COOLED (15°C) 


TEMPERATURE IN CENTER OF MASS ~ “C 


‘2 
TIME - 


Fig. 9. Temperature as a function of 
time-cooling phenolic lump resin. 
A—10 gal. container—air cooled 
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B—10 gal. container—water cooled 
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TABLE 4.—EXTRUSION OF STYRENE 
PLASTIC IN A 6-IN. DIAMETER 
BARREL EXTRUDER 


(RATE OF 500 Ib./hr.) 
Jacket Temperature 
cc.) 


Stock Temperature 
°C) 


throughout the cycle and is apparently inde- 
pendent of the 110° C. jacket temperature. 
Experiments show that the principal effect 
of the jacket and cored paddle temperatures 
is to change slightly the time at which the 
stock temperature rise begins after charg- 
ing. Once the rise begins, the jacket tem- 
perature is ineffective in controlling the 
rate of rise in the allowable working tem- 
perature range; in practice, after the unit 
is heated by operation, the heating jackets 
often are not utilized at all. Some control 
of stock temperature can be effected by con- 
trolling paddle speed. By reducing the 
paddle speed to 35 rev./min., the initial 
dwell time before the temperature begins 
to rise would be doubled and the rate of 
heating would be reduced to a value of 60% 
of the rate for the higher speed. 
Continued temperature rise of stock i 

Banburys is checked by dumping the plastic 
to mill rolls on which the temperature can 
be maintained or lowered slightly for 
further processing (see below). 


Extrusion 

Mixing and fusion of material in the 
range of 10° to 10° poises is also effected 
im screw extruders. For commercial size 
extruders (214-in. minimum diameter) the 
heat-transfer conditions are similar to those 
in a Banbury unit and the control of stock 
temperature is a function of mechanical 
heat input. Jacket temperatures are in- 
effective in the control of stock tempera- 
ture as is illustrated by Table 4 for the 
extrusion of styrene plastic in a 6-in. 
diameter barrel plastics screw extruder at 
a rate of 500 tb./hr. Reduction in cylinder 
temperature of 83°C. has a_ negligible 


170, 


TEMPERATURE 


STOCK TEMPERATURE - °C 


TIME - MINUTES 
Fig. 11. Stock temperature as a function 
of time. 
Plasticized vinyl polymer in No. 3A 
Banbury 
70 rev./min.—140-lb. charge. 
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STOCK TEMPERATURE -"C 


BATCH TEMPERATURE 
PADOLES 20 & 50 


SATOH TEMPERAT 
PADOLES 15 25 RPM 


TIME - MINUTES 


Fig. 10. 
Mixing cellulose acetate 


(6° C.) effect on stock temperature. A 
calculated heat balance around this machine 
in normal operation shows that heat input 
through the jacket is less than the theoret- 
ical radiation loss and that part of the 
mechanical heat input to the stock supplies 
the balance of the radiation loss. This cal- 
culation has been confirmed by insulating 
the machine more efficiently and turning off 
the heating system, whereby an increase in 
stock temperature was observed 

Control of stock temperature is a function 
of the control of mechanical heat input 
Mechanical energy input can be controlled 
by varying the screw speed or by redesign- 
ing the screw. Table 5 illustrates the rela- 
tionship between stock temperature and 
screw speed for a vinyl compound of vis- 
cosity 10* poises at 320° C. being processed 
in a 2%-in. diameter barrel plastics ex 
truder. Temperature control by screw re- 
design is of limited value because the pri- 
mary object of the operation is fusion 
rather than conveying of material. 

For experimental laboratory work, using 
extruders of small bore such that the ratio 
of jacket area to working volume is large 
and throughput is small, control of stock 
temperature can be accomplished via jacket 
control. 

The material leaves the extruder through 
a die in thin sections in ribbon or rod shape 
whereby cooling can be accomplished 
rapidly in a liquid or gaseous atmosphere. 


Melting and Mixing 

Production of vinyl resin-wax hot melts 
for paper coatings and adhesives illustrates 
simple melting and blending in the range 
of 10° to 10° poises in jacketed kettles. No 
chemical reaction is involved and mechan- 
ical energy input is small. Heavy-duty 
anchor-type agitators are required to handle 
the mass, especially at the low initial tem- 
peratures. Figure 12, showing the over-all 
heat-transfer coefficient as a function of 
viscosity, illustrates the typical worsening 
effect of a viscous organic film on heat 
transfer. The hot liquid is discharged from 
the kettle directly into shipping containers 
where slow cooling is permissible because 
the product is essentially non-heat sensitive 
in the working range. For example, 150 Ib. 
of hot melt at 130°C. contained in a 
cylinder 18 in. in diameter by 20 in. high 
requires 16 hr. to cool to 40° C. when stored 
in a room at 25°C. The apparent over-all 
heat-transfer coefficient under these condi- 
tions is 0.56 B.t.u./(hr.) (* F.) (sq-ft.). 


Forming 
Shaping and forming 
masses are important 
plastics industry. For 


of polymeric 
operations in the 
this purpose, the 
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Stock temperature as a function of time. 
formulation in a 150-gal. jacketed Baker Perkins mixer 


material is heated just high enough to 
allow flow so that it will weld to itself 
under the operating pressures. Once in the 
desired shape, the mass is cooled so that 
it will not deform on further handling. The 
heat load may not be great but the heat- 
transfer problems in large masses at 10* 
to 10° poises working viscosity are difficult 
because of the low thermal conductivity of 
polymers. 

The cake-baking method for the manu 
facture of cellulose nitrate sheet stock illus 
trates a typical forming operation. Stock, 
which has been compounded on mill rolls 
is slabbed into rectangular sheets 23 in. x 
56 in. X 1 in. and placed to a depth of 6 in 
in a thick steel frame together with top and 
bottom plates which fit inside the frame. 
The assembly is put between the platens of 
a heated hydraulic press and subjected to a 
pressure of 200 Ib./sq.in. with 90° C. water 
circulating in the platens. Fusion will occu 
when the stock temperature reaches 55° C 
The polymer must be cooled to 38° C. be 
fore the pressure is released or furthe 
deformation will occur. The cold cake 1 
sheeted by a knife to give sheets of th 
proper thickness 

Figure 13 shows the heat history of 3 
cake during a cycle consisting of 90° 
water for 6 hr. followed by 5° C. water tol 
5 hr in the platens. It will be noted thaf 
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OVERALL JACKET HEAT TRANSFER COEFFICIENT - BTU /HR-F-FT* 


VISCOSITY — POISES 
Fig. 12. Over-all jacket heat-transfer 
coefficient as a function of time. 


Cooling of vinyl base wax hot melt in a 
jacketed kett'e with agitation. 
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Fig. 13. Stock temperatures as a function of location and time. 
Production of cellulose nitrate base cake. 
23 ir. x 50 in. x 6 in. cake between cored platens. 
heating 


the starting temperature curve ts uneven as 
a result of heat loss from the warm rolled 
stock to the cold cake-binder. The heating 
cle to bring the stock to 55° C. could be 
wtened considerably by using higher 
peratures in the heated platens were it 
ior the existence of a maximum stock 
iperature above which the nitrate plastic 
violently. In this particular 
ration, the variables are sufficiently few 

1 well defined so that the problem can be 
ated by mathematical analysis (J3). 
Iculated temperatures for the inner re 
ms of the cake have been found to agree 
Within 1-2° C. with measured temperatures 
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Fig. 14. Viscosity as a function of 
temperature. 
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Mill Rolling 

II. Small Sections. Fusion and the com 
pounding of plastics in the viscosity range 
of 10 to 10° poises is carried out often on 
mill rolls. The problem involves fusion by 
heating but without exposing the stock to 
conditions of degradation. Temperature 
control is accomplished by handling sections 
of % in. to % im. thickness. The milling 
technique was borrowed from the rubber 
industry and is being displaced gradually 
by such units as extruders and Banburys 
in which the material is exposed to a 
‘igher temperature for a shorter period of 
‘me 

For the initial part of the operation heat 
is supplied to the material by the hot rolls; 
once fusion begins the rolls are used for 
cooling because the mechanical heat input 
predominates. The mechanical work is done 
on material held in the nip between the 
rolls and this work is a function of the size 
of the nip, the speed differential between 
the rolls, and the absolute speed of the rolls 
For example, styrene plastic processed on 
rolls with a 1.1:1 speed ratio and a front 
roll temperature of 150° C. and a back roll 
temperature of 95°C. reaches an equili- 
brium temperature of 235° C. A lower vis- 
cosity vinyl compound will reach an equili- 
brium temperature of 165° C. with both roll 
temperatures at 145° C. and the same 1.1:1 
speed ratio. At a speed ratio of 1.5:1 and 
all other conditions unchanged, the equili- 
brium temperature for the vinyl stock 
would be 175° C. A change in the temper- 
ature of the rolls can be used to effect a 
change in the final level of the stock tem- 
perature, but an equilibrium stock temper- 
ature level, which is higher than the roll 
temperature, exists for any given set of 
conditions 


Molding 


Molding of thermoplastic (i.c.. heat- 
soitening) resins is carried out with the 
material in the 10° to 10° poises viscosity 
range. Once formed, the plastic must be 
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cooled so as to retain its shape. Rapid 
heating followed by rapid cooling is impor- 
tant for production capacity as well as to 
avoid thermal degradation at the high tem- 
peratures. Polymeric materials, with their 
low thermal conductivities, must be handled 
in thin sections in which the ratio of heat- 
transfer area to material volume is larg« 
For example, the injection molding of 
styrene plastic is carried out by first heat- 
ing the cold pellets in an annular space 
between an outer wall and an inner tor- 
pedo. The maximum thickness of annulus 
is % in. From the cylinder the stock flows 
through a mixing nozzle to equalize any 
temperature differences which might exist, 
and is injected into a die. The die is main- 
tained at the minimum possible temperature 
which still gives an article without case- 
hardening and resulting internal-shrinkage 
voids. The actual die temperature is a 
function of initial stock temperature and the 
thickness of the mold. Cooling is continued 
until the temperature of the plastic is below 
the 88° C. heat distortion point. Table 6 
lists typical temperatures and operating 
conditions for the proper cooling of molded 
styrene plastic as a function of section 
thickness 

The cooling of phenolic lump resins on 
cold floors described previously is another 
example of handling materials of viscosity 
1° to 10” poises in thin sections 


ILI. Thin Films. When the material is 
so handled as to be present in layers and 
thin films, excellent temperature control is 
obtained. The advantage of thin films for 
temperature control was shown earlier by 
considering a heat-transier medium, a 
physical barrier, and the material being 
treated in series (see General Comment). 


Votator 


The rapid cooling of a heat-sensitive phe- 
nolic varnish to prevent overreaction illus- 
trates the handling of material in the 
viscosity range of 10° to 1? poises as a 
thin film to improve heat transfer. For 
example, a Votator may be used (8). The 
Votator is a machine which handles the 
working material in a '4-in. annular space 
with the rotating central core equipped with 
scrapers to remove wall films and expose 
the heat-transfer surtace continuously. Be- 
cause of the increase in viscosity of the 
varnish as the temperature is reduced (see 
Fig. 14) a thick organic wall film forms 
and hinders heat transfer in conventional 
kettle equipment. Figure 15 contrasts the 
over-all heat-transier coefficients obtained 
as a function of resin viscosity for Votator 
and kettle operations. Cooling from reac- 
tion temperature to storage temperature in 
the Votator requires one twentieth the time 
required in the kettle 


Drum Cooling 


The cooling of thermoplastics of low 
thermal conductivities in the viscosity 
range 107 to 10" poises can be effected 
rapidly in the form of thin films. For ex- 
ample, cooling drums may be used as in 
the formation of flexible vinyl sheet of 
0.015-in. thickness. Stock at a temperature 
of 168° C. being fed to a cooling drum with 
a surface temperature of 77° C. leaves the 
drum at 88°C. after a contact time of 
7.34 sec. The apparent film heat-transfer 
coefficient in this case is 22 B.t.u./(hr.) (sq 
ft.)(° F.). If the vinyl film has an initial 
temperature of 77° C. and the drum surface 
temperature is 13° C., the ribbon discharge 
temperature is 16° C. after a contact time 
of 16.1 sec. Under these conditions, the 
apparent film heat-transfer coefficient is 11 
B.t.u./(hr.) (sq.ft.) (° F.) ; this lower value 
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TABLE 5.-EXTRUSION VINYL 


OF 
POUND IN A N 


DIAMETER 


BARREL EXTRUDER 
Steck Temperature 


Worm Speed (rev./min.) 


reflects the poorer contact of the colder 


stiffer ribbon with the drum surtace 


Drum Drying 

Heating of viscous solutions of plastic 
materials to remove volatile diluents and to 
make products in the viscosity range ot 
10” to 10” poises presents a problem of 
heat transfer and resin stability which can 
be solved only by utilizing films of 0.0001 
in. to .003 in. in thickness. For example, 
in the drum-drying of a particular plastic 
material the contact time of the solution 
with the drum of 1'-in.-shell thickness 
varied from 5 to 15 sec., the heating medium 
was at 171° C., and the plastic was dis 
charged from the drum at 104°C. Under 
these conditions the apparent over-all heat- 
transfer coefficient was 140 B.t.u/(hr.) 
(sq.ft.)(° F.). The major resistance to 
heat transfer existed in the drum shell, Le 
the barrier which, for most heat-transfer 
problems, can be considered negligible 
Table 7 illustrates how the distribution of 
the resistance to heat transfer varied as a 
function of the film thickness for this opera 
tion and illustrates the importance of main- 
taining thin films 


IV. Special Techniques. Special tech 
niques for meeting the heat-transfer prob- 
lems involved in p.ocessing viscous mater 
ials include (a) dilution with solvent, (b) 
subdivision whereby heat-transfer distan es 
are reduced even though the material is still 
handled in large capacity equipment, and 
(c) vaporization 


Dilution 


Dilution with solvent has a_ threefold 
beneficial effect: (1) reduces viscosity to 
improve jacket coefficients, (2) mixes cold 
fluid with the hot mass by direct contact, 
and (3) adds heat capacity to the system. 
Rapid cooling by dilution can be effected 
by cold monomer addition to polymerization 
reactions which tend to get out of control, 
providing the monomer and polymer are 
completely miscible. The polymerization of 
Viuyl acetate represents such a case. In the 
polymerization of ethylene, a dilution 
method is required because (1) of the gas 
eous phase polymerization in which film 
coefficients are small (2) of the high heat 
of polymerization per unit weight of poly- 
mer formed (1800 B.t.u./Ib.) and (3) of 
the resistance to heat transfer of the thick 
metal walls required at the reaction condi- 
tion of 15,000-30,000 Ib./sq.in. and 150 to 
250° C. The problem of temperature con- 
trol is overcome by obtaining a low conver 
sion of ethylene per pass and utilizing the 
heat capacity of the total throughput to 
limit the temperature rise. Even under 
such conditions temperature control is diffi 

TABLE 6-——INJECTION MOLDING OF 
STYRENE PLASTIC 

Stock 
Temper Tie 

ature 


Section 
Thickness 
in.) 


Tem 


perature 


Set! 

Time 

( sec.) 
15 
30 

45 


90 
1Time for surface temperature to fall below 


88°C. and interior temperature to be such that 
voids and distortion are avoided 
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Fig. 15. Over-all jacket heat-transfer coefficient as a function of viscosity. 
For phenolic varnish A. 


cult and the heat rise in the reactor is of 
the order of 100-200° ¢ 

Direct dilution with cold water may be 
used to check phenolic resin reactions im 
the 10° to 10 range if the water 
can be decanted at a later stage of the 
reaction. If the viscosity is too great be 
fore the addition of water, dilution is diffi 
cult because of agitation difficulties. When 
only slight dilution is permussible, the high 
heat of fusion of ice (144 B.t.u./Ib.) can be 
utilized by direct addition of ice to the solu 
tions in the viscosity range of 1-100 poises 
where satisfactory agitation ts still possible 
If no water can be tolerated, solid carbon 
dioxide can be added. Since the carbon 
dioxide evolved serves to agitate the mass, 
“dry ice” cooling can be utilized in those 
viscosity ranges where efficient mechanical 
agitation fails (10° to 10° poises). In gen 
eral, cooling through barrier walls is to be 
preferred whenever it can be accomplished 
from the heat-transfer point of view be 
cause (1) contamination is avoided and (2) 
the operational cost is less once the capital 
expenditure has been provided 

\ special and rarely used case of dilution 
is illustrated by polymerization in the 
presence of a material which is a solvent 
for both the monomer and polymer such 
that the polymer solution is maintained at 
a low viscosity. The disadvantages of solu 
tion polymerization are (1) high cost duc 
to solvent loss and recovery and (2) vis 
cous conditions (>10 poises) which are 
encountered at some stages of the reaction 
unless the solids are so low as to be out 
of the commercially feasible range of utiliz 
ation (see Fig 4) 


potses 


Subdivision 

Solvent, nonsolvent polymerization tech- 
nique, a borderline case between the dilu 
tion and subdivision approaches, was de 
veloped to overcome the disadvantage of 
the high viscosity of dilute polymer solu 
tions. In this technique the monomers are 
soluble in the solvent but the polymer is 
not. Therefore, as the polymer is formed, 
it precipitates from the solution as a finely 
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divided solid and forms a slurry. Satistac- 
tory conditions of heat transfer are obtained 
which can be treated by conventional 
methods for low viscosity (<1 
liquids, but the solvent-handling § 
places a severe restriction on the extensive 
solvent, nonsolvent polymerization® 
Polymerization of vinyl chloridel 
m mass (ie. with no diluents) ts illustra-§ 
tive of the solvent, nonsolvent technique® 
Suspension polymerization, carried out m 
an aqueous medium, offers the same advan] 
heat transter as the solvent, non- 
but without the disadvan- 
tage of high costs. In suspension 
polymerization, neither the monomer nor 
polymer is soluble in the medium. At the 
the reaction liquid monomer 
less than 10° 
water by means of suitable 
Polymer forms in the of 
small ton 
lug in. in diameter so slurry 
obtained. The heat of polymerization 
removed easily from the droplets even whenh 
the solids content of the droplets approach« ¥] 


potse ) 


cost of 


use ol 


processes 


tages ol 
solvent technique, 
solvent 


beginning of 
droplets of 
are suspended in 


poses Viscosity 


agitation 
the 


course 
reaction in spheres ‘ye im 


that a 


100% and the viscosity reaches 10 
because the maximum heat-transfer distance 
is on the order of Nya in. to Yes in 
temperature of the aqueous 
medium is controlled by conventional 
methods for low viscosity (< 1 
fluids. The suspension polymerization of 
styrene is illustrative of plastic materials 
which can be polymerized commercially by 
the suspension technique The over-all 
jacket coefficient of heat transfer in large 
commercial metal reactors 
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TABLE 7.——DISTRIBUTION OF RESIS 
TANCE TO HEAT TRANSFER IN 
A DRUM-DRYING OPERATION 
Per Cent Resistance in 
Film 
Thickness Heat 
of Product Transfer 
(in Medium 


Plastic 
Film 
17 


Barrier 

000400 1 
0.000430 1 
0.000476 12 
0.000530 1 
0.000550 10 


0 001000 


70 21 
7 22 
60 210 
50 199 
es 30 182 
= 
# 
4 
i! 
y 
260 
1 7 
20 
31 
5 


q 
q 
4 
a 
4 


sured at 90 to 110 B.t.u./(hr.) (sq.ft.) 
(° F.) and remains constant even as the 
viscosity of the droplets changes from 10° 
poises to 10" poises. This high value of the 
coefficient should be contrasted with those 
in Figure 5 which show the jacket coeffi- 
cient as a function of viscosity for the 
polymerization of styrene without diluents. 

For heat-transfer purposes, emulsion 
polymerization can be considered as an 
extreme case of suspension polymerization 
in which the heat-transfer distances are re 
duced to approximately 0.lu. The over-all 
mass is maintained at a low viscosity 
(< 10° poises) throughout the course of 
the reaction even though the particles may 
reach a viscosity of 10" poises toward the 
end of the reaction cycle. For example, 
vinyl chloride can be polymerized in 
aqueous emulsion form as can styrene, and 
styrene-butadiene. Typical over-all heat 
transfer coefficients have been measured for 
these reactions: 


U glass-lined kettle jacket 
40-60 B.t.u./ Chr.) (sq-ft.) (° F.) 
U metal-kettle jacket 
90-110 B.t.u./(hr.) (° F.) (sq. ft.) 


Vaporization 


Heat removal by vaporization is advan 
tageous whenever it can be utilized. The 
volatile vapor has a low molecular weight 
and low viscosity and, consequently, large 
values of heat-transfer coefficients charac- 
teristic of condensing vapors can be realized 
(U = 75-150 =B.tu/(hr.) (sqft.) (° F.). 
-orrespondingly, required condenser areas 
re 1/10 to 1/15 of required jacket areas, 
nd it is;a simple matter to supply the area 

the form of a condenser. Vaporization 

n be used in suspension and emulsion 

»lymerizations to eftect heat removal from 

¢ low viscosity medium at a rapid rate of 

action. Unfortunately, for viscous masses 
here the supplementary heat-removal 
cilities are required most urgently, vapor- 
ion is limited by foaming tendencies. In 
¢ viscosity range below 1 poise, removal 
heat by vaporization is feasible in com- 
rcial size (> 200-gal. capacity) equip- 
nt. For special cases of a steady and 
hanging heat load, where sudden fluc- 
tions in pressure can be avoided, heat 
oval via vaporization is practical in the 
to 10 poises viscosity range in 300-gal. 
pacity kettles. For example, the temper- 
ure of the initial condensation reaction 
ween phenol and aqueous formaldehyde 
be controlled by maintaining a suitable 
ssure on the system in conjunction with 
reflux condenser. Where control by re- 

x is possible close temperature control 

be effected. Table 3, illustrating the 

t that 2 Ib. to 5 Ib. of monomer must 

vaporized per pound of monomer re- 
ing for common plastic materials, em- 
i the difficulty of the foaming 


Summary 


The general approach for controlling 
heat transfer in viscous materials is as 
follows: 


1. As a material becomes more vis- 
cous and/or the heat-transfer re- 
quirements become more exacting, 
the material should be handled in 
decreasing volume. 
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2. As the viscosity of a material 
rises, increased attention should be 
paid to the effects of mechanical 
work on the material. 


Application of these rules will vary de- 
pending on whether heat addition or 
heat removal is required. 

If heat addition is required, a large 
area of transfer surface per volume of 
material is desirable. Little or no assis- 
tance in spreading of the heat through 
the mass can be expected from convec- 
tion currents and relatively little from 
conduction. Consequently, adequate re- 
moval and blending in of the heated wall 
films must be provided. Wall films will 
have high resistance to heat transfer and 
should be kept to minimum thickness by 
mechanical means. Long-dwell times 
for the wall film or overheating of the 
wall film must be avoided for heat- 
sensitive materials. Whenever practical, 
the addition of heat by mechanical work- 
ing is a rapid and efficient means and 
should be employed for materials of 
more than 10* poises viscosity. 

If the removal of heat from viscous 
substances is required, the same require- 
ment exists for the area-volume relation- 
ship, for the effective maintenance of 
thin wall films, and for the adequate 
blending of the removed wall material 
with the main mass. As the viscosity of 
the material increases the amount of 
mechanical energy imparted to the stock 
for this film removal and blending must 
be decreased to prevent addition of heat 
from this source. Consequently, when 
wall-film-thickness control is no longer 
feasible by mechanical means, the mater- 
ial must be handled in increasingly 
smaller sections as the heat-removal re- 
quirements become more stringent. 

In certain cases heat removal may be 
aided by the use of an intermediate 
medium to which the viscous material 
readily can transmit its heat, and this 
medium, in turn, readily give up its heat. 
This latter situation is exemplified by 
the use of diluents which can be 
evaporated for heat removal or by the 
use of low viscosity media in which the 
higher viscosity materials can be dis- 
persed in small volume particles. 
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Discussion 
Ww. R. Marshall, Jr.: I would like to 


know what the conditions were for the 
estimation of the resistances. Normally, 
in any drying process, you have a period 
when you have surface moisture evapo 
rating and a falling rate. Furthermore, 
in drum-drying you can presumably 
come up with a range of final moisture 
contents. Now that means the heat- 
transfer rates and resistances would 
have to be determined either for some 
average temperature ot the material, or 
for a given period of drying. Can you 
tell us what the conditions were for these 
resistances and how you determined 
surface temperatures if you did so? 

E. Perry: | can give you some infor- 
mation about that. As Professor Mar- 
shall points out, our over-all coefficients 
were, of course, average coefficients. 
We were going from an aqueous mix- 
ture to essentially a dry solid. We had 
operating data, and we calculated our 
coefficients and compared the results as 
calculated and as measured. They 
agreed, and we concluded that the calcu- 
lations were sound. 

W. R. Marshall: In other words they 
covered the entire range of drying? 
You had essentially an average material 
temperature which might be approxi- 
mately constant, and then would be ris- 
ing toward the end of the cycle. 

E. Perry: As far as the material tem- 
perature is concerned, it was essentially 
constant. For this particular aqueous 
mixture, boiling occurred at 98-100° C., 
and the dry material from the drum 
was about 5 or 10° lower in temperature. 

W. R. Marshall: What was the 
moisture content of the dry material? 

Mr. Perry: Well below %%. 


(Presented at Forty-third Annual 
Meeting, Columbus, Ohio.) 
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CONTINUOUS FLOW STIRRED TANK 


REACTOR 


SYSTEMS 


Agitation Requirements 


R. W. MacDONALD?t and EDGAR L. PIRET 


University of Minnesota, Minneapolis, Minnesota 


Development of the theory and practice of continuous blending and of 
continuous flow stirred tank reaction systems is of increasing industrial 
importance. To date, however, little or no experimental or theoretical 
work has been available on the problem of providing satisfactory intensi- 
ties of agitation for such operations. 


The time required for complete distribution throughout a continuous 
flow stirred reactor of a portion of dye injected into the feed stream has 
been measured as a function of agitator speed and feed stream rate. 
A critical agitator speed for mixing time has been demonstrated. A ten- 
tative method of correlation is suggested which is based upon the energy 
input of the agitator plus that of the feed stream. 


A first-order continuous flow reaction was studied in a single and also in 
a series of vessels, at various flow rates and agitator speeds. As the 
agitation intensities were reduced, the concentration of the effluent was 
found to fluctuate more widely from the theoretical and always in an 
irregular manner. It is proposed that a satisfactory intensity of agitation 
for a stirred tank reactor exists when the effluent concentration ap- 
proaches the theoretical concentration and only fluctuates from it 
within the limits imposed by the needs of subsequent operations and 


requirements. 


CONTINUOUS flow stirred tank 
reaction system is one in which the 
reaction volume is divided into separate 
compartments, in each of which homo- 
geneity is maintained by stirring. The 
mixed reactants are fed into the first 
compartment and the effluent, removed 
at the same rate, is in a like manner fed 
into the other compartments of a series 
(Fig. 1). Potential economics in labor 
costs and advantageous conditions for 
ready control of a production process 
make continuous flow reactor systems of 
particular interest to present-day indus- 
try. Design equations for such reactor 
Complete data for Table 1 and Table 3 
which accompany this paper are on file 
(Decument 3298) with the American Docu- 
mentation Institute, 1719 N Street, North- 
west, Washington, D. C. Obtainable by re- 
mitting $1.00 for microfilm and $1.00 for 


photocopies. 
t Present address: Esso Standard Oil 


Co., Baton Rouge, La. 
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systems have been in this laboratory ex- 
tended to a wide range of reaction types 
and to both steady state and transient 
conditions of operation (9, 25). 

In developing the theory of continu- 
ous flow stirred tank reactors the as- 
sumption is usually made that the con- 
centration of reactants and products in 
each subdivision of a compartment is 
equal to the concentration in every other 
subdivision and, of course, equal to the 
effluent concentration from that com- 
partment. That is, the feed solution is 
assumed to be dispersed “instantan- 
eously” throughout the vessel volume 
The purpose of this investigation was 
to study the factors involved in attain- 
ing this homogeneity. Effects of in- 
sufficient agitation on the composition 
of the product stream from a single and 
from a series of continuous stirred tank 
reactors were also investigated. 

While Asquith (1) has made a point 
of the importance of agitation studies in 
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continuous flow reaction systems, little 
information on the subject is available 
in the literature. The concepts devel- 
oped in this work are therefore to a 
large extent original. 

Mixing times in a reaction vessel 
were measured in this investigation by 
introducing a small volume of dye solu- 
tion into the feed stream of a continu- 
ous flow vessel. The independent and 
combined effects of variations in agita- 
tor speed and of variations in feed rate 
on the time required for uniform dis- 
tribution of the color throughout the 
vessel were determined. 

The continuous hydrolysis of acetic 
anhydride, a first-order reaction, was 
carried out in a single and also in af 
series of continuous reaction vessels. 
Effects of agitator speed and volumetric 
teed rate on the degree of completion of } 
this reaction were investigated and an} 
attempt made to relate these results to] 
the previously measured mixing times. 


AGITATOR ORIVE 
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__, PRODUC 
STREAM 


Fig. 1. Continuous feed stirred tank re- 
actors operated in series. 
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. 2. Experimental apparatus. 


Literature 


Only a limited amount of literature is 
available to date on the subject of agi- 
tation in batch-type blending or mixing 
equipment or in continuous flow reactors 
result, design have been 
forced to depend almost solely upon the 


engineers 


recommendations of mixing-equipment 
manufacturers, 


Batch-T ype Mixing. Mixing times in 
a homogeneous system were determined 
(34) by adding a small volume of brine 
solution to a wooden vessel filled with 
water, and measuring the time required 
for the concentration in the vessel, as 
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Fig. 3. Diagram of experimental continuous reaction vessel. 
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indicated by four conductivity cells, to 
become uniform. The same type of ex 
periment was conducted by Stead, Page 
and Denbigh (30) who measured mix- 
ing time by observing the time required 
for disappearance of from a 
starch-iodine solution after introducing 
a drop of thiosulfate solution. Dodd 
(8) used a photometric method, depend- 
ent on refractive index, for measuring 
mixing times for mixtures of hydro- 
carbons, but used a reciprocating wire 
gauze mixer so that his data are difficult 
to apply. A mathematical approach has 
been presented (4) which shows that 
intimacy of mixing varies exponentially 
with time, but does not relate mixing at 
different intensities of agitation. An 
approximate empirical equation for mix- 
ing time under various conditions was 
given by Serner (29), who also points 
out that mixing time depends on effi- 
ciency in the use of power input as well 
as on the power absorbed. Valentine 
and MacLean (31) list the preferred 
types of mixing equipment with power 
requirements for many operations, in- 
cluding simple mixing. 


color 


Continuous Blending. A method of 
determining blender efficiency was sug- 
gested (2) for the case where batches 
of varying concentration are fed into a 
stirred tank in order to produce a more 
uniform product. This analysis does not 
apply to the case where a reaction takes 
place in the vessel. Experimental veri- 
fication of continuous feed stirred tank 
reactor theory in laboratory equipment 
has been made (9, 27, 25, 30) showing 
that essentially perfect mixing was at- 
tained at agitator speeds of 80, 325, 
210 and 3000 rev./min., respectively. 

Mixing Times 

Mixing time, ¢,,, is here defined as 
the time required for a slug of feed 
solution to be dispersed homogeneously 
throughout a vessel in a batch operation 
or in a continuous flow system. With 
low intensities of agitation the mixing 
time will be large, while if agitation is 
increased sufficiently the mixing of an 
entering material or stream takes place 
almost instantaneously and the mixing 
time approaches zero, 

The mixing of mutually 
quids is a_three-dimensional 


soluble li- 

shuffling 
operation and is directly dependent upon 
turbulence in the vessel. For a contin- 
uous flow system, both agitator action 
and flow of feed into the con 
tribute to this turbulence 
turn determines the mixing. time. 

\ modified Reynolds nuthber for agi- 
tation (nd2p) /p, 
used in correlating the turbulence caused 


vessel 


and this in 


has been successfully 


by agitator action, with power consump- 
tion, (3, 14, 17, 22, 
heat-transfer coefficients 


23, 25-27, 33), 


(6, 12, 28), 
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and mass-transier coefficients (11-13, 
15), in agitated vessels. It is probable 
that mixing times can be correlated in 
a like way with agitator speed and ves- 
sel design by using a modified Reynolds 
number. 

The intensity of caused by 
introduction of a stream into a 
vessel has not been previously studied 
as far as known.t By measuring mix- 
ing time in a vessel as a function of 
both feed rate and agitator speed, it will 
be shown that their independent and 
their combined effects can be measured 
and correlated. The measurement of 
mixing time appears to be extremely 
useful since it gives a direct measure of 
the intensity of agitation within a ves- 
sel, independent of the agency causing 
that agitation. 


mixing 
feed 


Mixing Time Measurements. Measure 
ments of the effect of agitation intensity on 
mixing time (using a dye), and on the 
amount of chemical reaction obtained were 
carried out in a glass laboratory stirred 
tank reactor fitted with a continuous flow 
feed system (Fig. 3). This feed system 
supplied a measured Stream of distilled 
water for the mixing-time e xperiments or a 
measured mixture of partially reacted 
acetic anhydride and water for the reactor 
periormance experiments. A 134-in. dia- 
meter dissolving column, 20 in. long, and 
packed with %-in. lengths of 4-mm. glass 
tubing, provides solution and mixing of 
the acetic anhydride in the water. The re- 
sultant homogeneous solution is run into a 
single 1950 cc. Ace Glass high pressure 
Pyrex autoclave (Fig. 3). For measure- 
ment of reactor regulation the vessel was 
immersed in a thermostated bath which 
maintained constant vessel temperature 
(+.05° C.) even at low agitation intensities. 
The paddle agitator, B, guided by the 
ground glass bearing, C, directs the liquid 
downward, and was driven through a belt 
system by a Cenco variable speed ~ 
Baffles, E, are placed inside the vessel, 
Reaction solution entering through neck ‘i 
is led to the bottom of the reactor by the 
3.5-mm. I.D. feed tube, D, and leaves at 
the top of the vessel through neck 2 

Measurement of mixing time was accom- 
plished by observing the time required for 
the homogeneous distribution throughout 
the glass vessel of a small volume (3 cc.) 
of dye solution entering with the feed 
stream. This dye was injected through a 
three-way cock into the continuously flow- 
ing feed stream of water, and was dispersed 
into the water-filled vessel. The tempera 
ture of the system was maintained by the 
introduction of feed water at a controlled 
temperature between 20° C. and 30° C 

The dye was introduced within a time 
less than 15% of the total mixing time. and 
at a sufficiently low rate so as to eliminate 
the possibility of density differences inter- 
fering with mixing. When the dve is intro- 
duced slowly, the dye solution entering the 
reactor is well diluted by the water feed 
stream and has nearly the density as 
water. This dilute dve can therefore be ex- 
pected to follow the metions as the 
surroundine water and the mixire time for 
the dye becomes the same as mixing time 
for any other slue of feed. If the dve is 
introduced at the vessel hottom in too great 
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<ame 


* MacDonald and Piret know of no such 
study 


Fig. 4. Progressive stages in mixing a slug of dyed feed throughout a continuous 


feed stirred tank. 
extreme left side the vessel. 


enters near bottom and side of vessel through a tube at the 
(Agitator speed 10 rev./min. and holding time 


25 min.) 


A. Vessel filled with water only 
(t = 0 min.). 
B. Dye just introduced at vessel 
bottom (t = % min.). 


a concentration, a pool of the more dense 
dye solution may iorm there, considerably 
increasing the time for mixing. Density of 
the saturated dye (Ponceau G) solution is 
1.089 g./cc., compared with 0.998 g./cc. 
for water at room temperature. 

Mixing time, t., is recorded as the time 
required, after first injecting the dye, for 
the dye to become distributed throughout 
the vessel and all visible variations in color 
density to disappear. When the dye solu 
tion appeared in the vessel effluent before 
all variations in color within the vessel had 
disappeared, the time for complete disap 


C. Dye spreading throughout the 
vessel (¢ = 2 min.). 
D. Complete homogeneity within the™ 
vessel (/ 4 min.). 


pearance of the variations in color density} 
was taken as the time for complete mixingg 
That this procedure was satisiactory and 
reproducible is shown by the agreement of 
the data in Figure 6. The progressive 
stages of mixing of the dye are shown ij 
jour photographs of Figure 4 : 

Figure 5 (Table 1) shows the observed 
efiects on mixing time, f., of agitator speedy 
n, and of the feed rate, /. The latter factog 
has been plotted as the vessel holding tim€ 
which equals where I’ is the volum@ 
of the vessel and F is the volumetric feed 
rate. This plot shows that increasing agia 
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Fig. 5. Time for distribution throughout the vessel of a slug of dye introduced into 
the feed stream, given as a function of agitator speed and holding time (Table 1). 
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TABLE 1.—MIXING TIMES 
Measured by Dye Dispersion in Glass 
ixing Vessel (1950 ce.) 

Feed 
Stream 
Flow Holding 


Mixing 
Time peed Time 


tator speed or decreasing vessel holding 
time (increasing feed rate) results in de- 
creasing mixing time. A study of the curve 
(Fig. 5) for a single agitator speed, say 
1U rev./min., will most readily permit an 
understanding of the effect on mixing times 
of the experimental variables. At holding 
times greater than 40 min. the contribution 
of agitator action is controlling, and it is 
seen that a change in feed rate has little 
effect upon mixing time. In the region be- 
tween holding times of 40 min. and 5 min., 
the contribution of feed stream energy to 
agitation becomes increasingly important ; 
and finally below a holding time of 5 min., 
the contribution of feed stream energy is 
controlling, and, as shown by the converg- 
ence of the several curves, changes in agi- 
tator speed have little effect. 

The mixing-time data as replotted in 
Figure 6 resemble other published correla- 
tions for such agitation effects as heat 
transfer, mass transfer, and power require- 
ments (3, 6, 11-15, 17, 22, 23, 25-28, 33). 
A definite break in the plotted data, at 
about 20 rev./min., corresponds to a critical 
Reynolds number (nd*p) /u of 10,400, which 
falls within the wide range of similar 
breaks found in the just-mentioned correla- 
tions. This value of Reynolds Number 


corresponds to a peripheral agitator speed 
of 0.2 ft./sec. A more extensive study in 
which liquid viscosity and agitator size are 
varied would be necessary to demonstrate 
the usefulness of the more general Reynolds 
number in this correlation. 

In measuring mixing times by observing 
dispersion of dye, a change in liquid flow 
patterns within the vessel was observed at 
agitator speeds of about 20 rev./min. At 
agitator speed below 20 rev./min., the dye 
solution is gradually mixed throughout the 
vessel, but the region within and near the 
rotational plane of the paddle becomes 
homogeneous much sooner than the bulk of 
the liquid. Apparently, vertical mixing at 
these low speeds occurs mainly as a result 
of eddy currents formed around the moving 
paddies. Above about 20 rev./min., how- 
ever, centrifugal action becomes more im- 
portant and the liquid in the region of the 
paddles is forced radially outward against 
the vessel wall and then vertically into the 
bulk of the liquid. Thus viscosity limits 
mixing at low speeds, while inertia effects 
hecome limiting above theoretical Reynolds 
number. These observations agree with 
the statement of Mack and Uhl (23) that 
above the critical region centrifugal pump 
action occurs. 


Effect of Feed Stream Action on Mixing 
Time. It is interesting that the data repre- 
sented in Figures 5 and 6 can be used also 
to compare the effectiveness of agitation 
caused by the feed stream vs. that caused 
by the agitator. 

From the mixing-time measurements of 
Table 1, values are chosen for agitator 
speed alone at zero feed rate, and for feed 
rate alone at zero agitator speed which 
result in equal mixing times. These values 
of agitator speed and feed rate for several 
mixing times are given in Table 2. Power 
consumption at each agitator speed has been 
calculated by the equation of Hooker (17) 
for geometrically dissimilar agitators, and 
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MIXING TIME, (MIN) 


10 20 «650 
AGITATOR SPEED (RPM) 
6. Logarithmic plot of time for distribution throughout the vessel of a slug 


dye introduced into the feed stream vs. agitator 


for different holding 


es. Critical flow region (20 rev./min.) occurs at Reynolds number of 10,400 
(Table 1). 


TABLE 2. 


Agitator Feed Rate 


Holding 
Time 
(9) 
(min.) 
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CALCULATION OF AGITATOR EFFICIENCY 


Relative 
Agitator 
Efficiency 


Caleulated 
Calculated Feed 
Agitator Stream 
Power Power 
(hp./gal.) (hp./gal.) % 


035 x 10-¢ 0.50 
.023 0.78 
016 1.82 
.009 8.30 
62.5 
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the power consumption of the feed stream 
forced into the vessel has been calculated 
on the basis that all the kinetic energy of 
the feed stream is used in mixing. This 
latter assumption is, of course, arbitrary 
and serves only as a basis for our purpose. 
It was found experimentally that nearly 
equal values of power input result from 
pressure-drop measurements across the ves- 
sel used and from kinetic energy calcula- 
tions. 

To relate the contributions of agitator 
action and feed stream action, a relative 
efficiency factor, E, has been used. This 
factor is defined as the ratio, expressed in 
per cent, of the power used by the feed 
stream to the power used by agitator action 
in producing equal mixing times (Table 2). 
This relative agitator efficiency is plotted in 
Figure 7 against the agitator revolutions 
per minute. It can be seen that as the 
agitator speed is increased the energy input 
to the agitator becomes less and less effec- 
tive when compared to the energy intro- 
duced by the feed stream. 

The “total effective power input” for any 
combination of feed stream and agitator 
effects was then calculated by adding the 
feed stream power input to the product of 
the agitator power consumption and the 
efficiency factor. All the mixing-time data 
obtained (Table 1), vs. the total effective 
power input calculated as above are shown 
in Figure 8. Data for agitator speeds below 
20 rev./min. are not included. 

It appears from Figure 8 that on the 
basis of the present data, the same mixing 
time is obtained for any particular value 
ot total effective power input, regardless of 
which combination of feed rate and agi- 
tator speed had been used. As is the case 
in other agitator studies, the specific data 
obtained can be expected to depend on such 
factors as baffles, vessel and agitator geo- 
metry, position and direction of feed and 
outlet openings. 


Reactor Performance and Mixing 
Time 


The effect of mixing intensity upon the 
behavior of a continuous feed stirred tank 
reactor was studied by measuring the de 
gree of completion, D,, experimentally at 
tained by a chemical reaction occurring in 
the system. 


= (1) 
where 


Ce concentration of reactant in feed 
to reactor 


Ci concentration of reactant in efflu- 
ent from reactor 


This value of D. was then compared with 

the theoretical degree of completion, D,, 

for a first-order reaction, based upon the 

— of perfect mixing in the reactor 
24). 


(9 


1 


on ? 
(2) 


where 


k = reaction rate constant 
@ = nominal holding time of vessel 


The hydrolysis of acetic anhydride, a first- 
order reaction, was used in this work. It 
was found experimentally that, at low in- 
tensities of agitation, the observed values 
of D, fluctuate in an unpredictable way, 
sometimes being above and sometimes be- 
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low the theoretical value, D,. At times, D, 
would remain steady and either above or 
below LD, for periods of hours, and at other 
times, D, would vary erratically, changing 
by as much as 5% to 10% within a few 
minutes. The value of D, measured at any 
given time depends upon the actual pattern 
ot flow which is set up within the reactor. 
By observing the flow of dyes, this pattern 
was found to vary considerably, over a 
period of time, even though the operating 
variables apparently remained constant. 

The behavior of the system was then 
correlated in terms of the “regulation” of 
the individual values of D, observed at 
different times ; that is, in terms of the per- 
centage deviation of the experimental de- 
gree of completion from the theoretical 
value. The per cent regulation for the 
reactor system is here defined as 


D.—D: 
Per cent regulation = —>-~— x 100 


(3) 
where D, is the value for experimental 
degree of completion at the time of meas- 
urement, and J); is the theoretical degree 
of completion based upon perfect mixing in 
the reactor. Per cent regulation may also 
be expressed in terms of the concentrations 
entering and leaving the reactor. 


Per cent regulation = ( 


100 


(4) 


where 


experimental concentration of re 
actant in effluent 

theoretical concentration of re 
actant in effluent 

concentration of reactant in ves 


sel feed 


Thus, as the individual measured values of 
D, vary above and below the theoretical 
value J), the individual values for regula- 
tion vary above and below zero. For high 
intensities of agitation it has been shown 
experimentally (9, 27) that D, is constant 
and agrees with D, within the experimental 
error. In these cases the regulation ap- 
proaches zero. 

The object of studying reactor behavior 
at low agitation intensities was, in part, to 
find experimentally the effect of insufficient 
agitation on the effluent concentration and 
also to investigate the nature of the relation 
between mixing time and regulation. It 
seems apparent that as holding time in the 
vessel is decreased, a given finite time for 
mixing of the feed will have an increasing 
effect upon the degree of completion at- 
tained. The fraction of the holding time 
required for mixing, that is ¢./@, was 
therefore considered to be a more signifi- 
cant term than mixing time alone in affect- 
ing the performance of a continuous flow 
reactor. As the function t./@ is reduced 
and approaches zero, the limits of regu- 
lation should likewise decrease and ap- 
proach zero, indicating that perfect mixing 
is more nearly attained. 

To test this postulate, the experimental 
degrees of completion, D., were measured 
for the continuous reaction of acetic anhy- 
dride and water in the single Ace Glass 
high pressure autoclave system (Figs. 2, 3, 
and Table 3). The system is operated at 
constant temperature and flow rates for a 
period of at least seven times the holding 
time, @, before taking samples, to insure 
that the original constants have been 
purged and steady-state concentrations ob- 
tained in all reactors (18, 20). The ana- 
lytical method of Caudri (5) and Vles 
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(32) was used to determine the steady 
state concentrations. To check these 
measurements and to supply additional data, 
use was also made of the results obtained 
by Eldridge (10). His system was com- 
posed of a series of five vessels whose 
design was identical with that of the single 
vessel used in this work (9). 

Figure 9 illustrates the effect of imper- 
fect mixing, which is expressed here im 
terms of the ratio, t./@, upon the limits of 
regulation of the reactor system. For this 
purpose the mixing time, ts, was found 
from Figure 5. It may be seen (Fig. 9) 
that at each value of the mixing time 
parameter, t»/é@, the individual values of 
regulation fall within a range extending 
about equal in number and magnitude 
above and below zero. The extreme limits 
of this range, as well as the average devia- 
tions of the values from zero, apparently 
depend upon the value of ¢../@ employed 
As tm/@ is decreased, indicating more per- 
fect mixing, the limits of regulation also 
tend to decrease, showing closer agreement 
between D, and D,. It is to be noted that 
even at the lowest intensities of agitation 
the values for regulation did not exceed 
20%. Thus even at the lowest intensities 
of agitation studied (@ = 27 min., » = 0 
rev./min.), the measured values of D), agree 
at least roughly with )),. Reaction systems 
in which large variations in densities or 
viscosities occur can be expected to show 
quite different characteristics 

Because the regulation appears to ap- 
proach zero asymptotically, it is proposed 
that a satisfactory intensity of agitation for 
a stirred tank reactor be considered as that 
necessary to maintain the fluctuations in 
effluent concentration within the limits im- 
posed by subsequent operations or product 
requirements. 


Flow Patterns in the Reactor. Ex- 
periments were also performed to deter- 
mine the pattern of flow within the 
reactor which caused the previously ob- 
served fluctuations in effluent concentra- 
tion at low intensities of agitation. In 
these experiments a small volume of dye 
solution was introduced into the vessel 
feed stream after the concentration 
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BASED ON EFFECT OF 
FEED STREAM ENERGY 
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Fig. 7. Relative efficiency of agitator 
power as a function of agitator speed. 


measurements had been made for some 
of the reaction runs of Table 3. Visual 
observations were then made of the flow 
of this dyed feed in the vessel. 

At low intensities of agitation if the 
incoming reactant solution is less dense 
than the product solution, a channel 
tends form in the reactor between 
the feed opening near the bottom ang 
the exit at the top of the reactor. Thi 
phenomenon occurred during the 
action of acetic anhydride and idl 


to 


(Fig. 10, A, B, C). Here the densit 
of the reactant anhydride  solutiog 
(0.18 N) is 0.9986 at 25° C. and thal 
of the product acetic acid solution (0 18 
N) is 0.9988 at 25°C. This phenome 
non was used by Kilpatrick (79) i®@ 
reaction rate studies and was confirm 

for this study by direct observations. 
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Fig. 8. Time for distribution throughout the vessel of a slug of dye introduced into 
the f stream given as a function of “total effective power input” resulting 
from agitator action and feed stream action. 
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Fig. 9. Reactor regulation vs. ¢../¢ for the continuous reaction of acetic anhydride 
and water, indicating increased = of regulation for decreasing agitation 
able 3). 


the entering feed solution is more dense 
than the reactor contents, as for ex- 
ample when a feed of acetic anhydride 
solution is pumped into a reactor filled 
with distilled water, a quite sharply de- 
fined separation may occur. A flow pat- 
tern is obtained (Fig. 10D) in which 
little vertical mixing occurs and _ this 
ondition approximates that of a tubu 
r-type reactor. 
Effect of Channeling on Degree of 
mpletion. Channeling occurs when 
entering feed stream does not mix 
ith the entire contents of the vessel but 
lows a channel of lesser volume or 
meter than that of the entire vessel. 
rthermore, in these channels longi- 
inal mixing is poor and the flow re- 
nbles that of a tubular reactor. Al- 
tHpugh with increasing levels of agita- 
distinct channels are not observahle, 
i flow pattern can still be described as 
cBanneling where the size and position 
of the channels fluctuate rapidly with 
time. 

Mhanneling in the reactor can, «le- 
p@uling on the effective diameter of the 
cHiannel, cause the degree of completion 
of the reaction to be above or below the 
value predicted for perfect mixing. 

en a channel of small effective 
di@meter is formed between the vessel 


TABLE 


EXPERIMENTAL CONDITIONS AND MEASURED DEGREES OF 


inlet and outlet, the degree of completion 
attained approaches that for a tubular 
reactor having a smaller volume than the 
vessel being used. The remaining vol 
ume is essentially dead volume contain 
ing completely reacted solution which is 
retained for indeterminate 
within the The calculated de- 
gree of completion for a reaction de- 
creases as the effective reaction volume 
decreases, and for a channel of small 
volume it will be less than the degree 
of completion based upon perfect mix 
ing throughout the entire reactor. If 
the channel increases in diameter and 
volume to nearly that of the entire ves- 
sel, the degree of completion attained 
will be greater than that for a vessel 
with perfect mixing. It 
membered that 
reactions, a greater degree of comple 
tion is always attained in an ideal tubu- 
lar reactor than in an ideal stirred tank 
rea*tor of equal volume (7). 

Over periods of time 


periods 
vessel. 


should be re 


except for zero-order 


varying from a 
few seconds to say ten or fifteen min- 
utes, the colored channel formed in the 
reactor was observed to fluctuate con- 
siderably in an erratic manner and 
without apparent cause. As fluctuations 
in channel size and position occur, it is 
possible for the measured degree of 
completion to vary not only between the 
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limits indicated in the preceding para 
graphs tor steady operating, but also 
between a value near zero for a slug of 
unreacted solution and a value of unity 
for a slug of completely reacted solu- 
tion coming from the “dead volame” 
previously mentioned. However, as re- 
corded in Table 3, only fluctuations up 
to +20% from the theoretical 
observed. 

In some of the runs recorded in Table 
3, the effluent concentration was exam- 
ined continuously by placing two platin- 
ized platinum wires in a 0.5-cc. cell and 
causing the product stream to flow di- 
rectly through this cell. The conductiv- 
ity was measured with a bridge circuit 
using an electric-eye vacuum tube to 
detect fluctuations. The eye opening was 
sensitive to changes of 1.0°% in conduc- 
tivity with only about 1 time 
delay in readings. No rapid fluctuations 
in the conductivity, as shown by the 
steadiness of the electric eye, were ob- 
served under any conditions. However 
the effluent concentration was observed 
to 10% of the 
theoretical value, on samples taken at 
intervals of more than 15 min. 


were 


5-sec. 


to change by perhaps 2% 


Summary 


When a chemical reaction is carried 
out m a continuous feed reactor with 
than ideal mixing, the observed 
concentration of the effluent stream fluc- 
tuates both above and below the theore- 
tical values and the magnitude of the 
fluctuations depends upon reactor de- 
sign, characteristics of the solution in 
the reactor, and also probably upon the 
reaction rate. On increasing mixing in- 
tensity in the reactor, the fluctuations 
diminish and the outlet concentration 
approaches closely the theoretical value 
calculated on the assumption of perfect 
mixing in a continuous feed reactor. 

The effectiveness of mixing in the re- 


less 


actor was expressed in terms of the 
mixing parameter: time required 
mixing divided by the total reactor 
holding time. It was found necessary to 
express mixing intensity in terms of 
mixing time, in order to include the 
mixing effects of both the rotating 
stirrer and the incoming feed stream. 
The dependence of mixing time upon 
stirrer speed and feed stream rate was 
measured so that the characteristic mix 
ing time would be known for any com- 


for 


binations of stirrer speed and feed rate 
used during reaction rate measurements 

During these studies, the existence of 
a critical stirrer speed was established, 
and a correlation was developed between 
mixing time and total effective mixing 
by defining the total effective 
mixing power as the feed stream power 
input added to the product of stirrer 
power consumption and relative stirrer 


power, 


efficiency. 
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Notation 


molar concentration of 


tant 


reac- 


= length of agitator paddle 
=relative agitator efficiency 
(based on mixing effect of 
feed stream) 


= volumetric rate of flow 


specific reaction velocity con- 
stant 


= agitator speed (rev./min.) 
mixing time 


vessel volume occupied by re- 
action medium 


= liquid viscosity 
liquid density 


V'/F = nominal holding time 
of vessel 
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Discussion 


C. R. Wilke (University 
fornia, Berkeley, Calif.) : Theoretically 
doesn’t it take infinite time to achieve 
perfect mixing and do you have to make 
an arbitrary line of demarcation so that 
the accuracy of your analyses no longer 
indicates a finite change, 


R. W. MacDonald: Theoretically an 


infinite time should be required for com 


of Cali- 


plete molecular redistribution within the 
reactor. However, when a portion of 
dye is injected into the vessel, mixing 
rather rapidly to the point 
where the contents of the reactor appear 
completely and no further 
changes in appearance can be discerned. 
It is also of interest to note that this end 
point is quite reproducible even when 
observations are made by several differ- 
ent people. 
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MASS TRANSFER 


Laminar Flow of Gases Through Granular Beds 


MERK HOBSON ¢ and GEORGE THODOS 


Northwestern Technological Institute, Evanston, Illinois 


The kinetics of physical mass transfer as applied to gases in single phase 
laminar flow through granular beds has been studied for a variety of 
binary systems. These studies include the vaporization of water, n-bu- 
tanol, toluene, m-octane, and dodecane from the surfaces of spherical 
packings into air, nitrogen, carbon dioxide, and hydrogen. The experi- 
mental data have been correlated on the basis of the j mass-transfer 
factor and the modified Reynolds number applicable to the flow of 


fluids through granular beds. 


Based upon existing correlations for single phase flow through porous 
beds, a critical modified Reynolds number of 50 has been found com- 
parable to the 2100 Reynolds value above which laminar flow normally 
disappears in circular conduits. An analysis of the present experimental 
results in conjunction with values previously reported suggests that 
this critical modified Reynolds value is also applicable to the mass- 
transfer correlation for granular beds. A critical evaluation of the data 
below a modified Reynolds number of 50 indicates that a linear power 
distribution is applicable. For values of the modified Reynolds number 


N recent years the mass-transfer fac- 

tor, as originally developed by 
Chilton and Colburn (2), has been used 
by numerous investigators as a dimen- 
sionless parameter for the correlation of 
experimental data in the flow of fluids 
through granular solids. Based upon 
experimental studies in the vaporization 


of water into air from the surfaces of 
) spheres and cylinders, Gamson, Thodos 
jand Hougen (3) proposed the mass- 
transfer factor 


[ialg = G 


as a generalized variable for the estima- 
tion of mass-transfer coefficients in 
single phase flow through granular beds. 
A mass-transfer factor specifically ap- 
plied to transfer across a liquid film 


|" 
L 


(ahi = 


was employed by McCune and Wilhelm 
(8) and Hobson and Thodos (5) to 
correlate studies in solid-to-liquid and 
liquid-to-liquid transfer respectively. 

In both these investigations the trans- 
fer surfaces were spherical, facilitating 
a direct comparison with the original 
transfer 
The correlations for both liquids and 


factor correlation for gases. 


t Present address: University of Ne- 


braska, Lincoln, Neb. 
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above 150, a linear power distribution is equally applicable. 


gases produce an identical function 
when correlated with a modified Rey- 
nolds number, D,G/p, as the independ- 
ent variable. This combined function 
has been advocated as a completely 
general method for the prediction of 
mass-transfer coefficients in the specific 
case of single phase flow of fluids 
through granular solids. 

Reliable data for beds composed of 
spherical particles applicable to gas-film 
transfer on the gas film are restricted 
to the single system, air-water. To 
broaden the foundation for general ac- 
ceptance of the correlation, additional 
experimental information for a diver- 
sity of gaseous systems would be advan- 
tageous. Furthermore, the data on the 
air-water system which are available 
involve the assumption of an adiabatic 
saturation temperature in the plane of 
vaporization. The validity of this 
assumption is open to question in the 
low range of flow rates corresponding to 
the range of modified Reynolds numbers 
covered by the liquid-transfer studies. 

The portion of the curve established 
by the liquid-transfer data indicates the 
possibility of a transition point some- 
what analogous to the transition from 
laminar to turbulent fluid flow. Further 
experimental study within this range of 
flow characteristics would be valuable 
for more accurate definition of the cor- 
relation in the low Reynolds region. A 
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direct comparison between the transition 
from laminar flow in circular conduits 
at a Reynolds number of approximately 
2100, and a similar transition for single 
phase flow through porous beds is pos- 
sible through the contributions of 
Brownell, Dombrowski and Dickey (1). 
This evaluation becomes possible from 
a knowledge of the porosity and spher- 
icity of the particles constituting the 
bed. From these characteristic proper- 
ties, it is possible to predict an empirical 
factor, which, when multiplied by the 
modified Reynolds number for the pack- 
ing, produces a Reynolds number equiv- 
alent to that for flow through circular 
conduits. For an average porosity of 
0.412 applied to beds of spherical par- 
ticles, a modified Reynolds number of 
50 corresponds to the value of 2100 for 
circular conduits. 

The present work attempts to 
strengthen the generality of the mass- 
transfer factor as applied to granular 
beds by extending a variety of gas- 
transfer systems into the range of 
Reynolds numbers covered by the liquid- 
film experiments while eliminating some 
of the questionable assumptions, which 
in the past have been applied in the 
interpretation of such data, specifically 
the use of the adiabatic saturation tem- 
perature in the plane of vaporization. 

Such variables as temperature and 
particle size have been previously stud- 
ied over a wide range and are not 
specifically considered in this treatment. 


Experimental Procedure. The experi- 
mental technique applied to these studies 
represents a quantitative analysis of liquid 
vaporization rates from the available trans- 
fer surface in a bed of porous spheres. All 
experimental measurements were restricted 
to a predetermined constant rate period to 
insure transfer under steady-state condi- 
tions. Single phase flow of gases through 
the bed provided only gas-film resistance to 
mass transfer. 

The equipment adapted to these experi 
ments is indicated in Figure 1. The central 
section of the reactor, equipped with an 
internal screen support for the bed of 
spheres, served as a vaporization chamber 
The inside diameter of the reactor was 
2.06 in. The joints between the three sec- 
tions of the reactor were machined and 
gasketed in such a way that the upper re- 
actor section provided sufficient bearing 
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pressure to effect a tight seal at the low 
pressures used in the experimental work. 

To facilitate rapid removal of the bed, 
the upper section was connected to the inlet 
piping by means of a flexible joint. Quick 
opening valves were installed in the gas 
feed line and into a by-pass connection im- 
mediately preceding the reactor for vir- 
tually instantaneous introduction or cut-off 
of the gas flow to the vaporization chamber. 
Gas flow was measured by an orifice in- 
stallation upstream from these valves. A 
pressure tap manifold permitted the use of 
either a vertical manometer or an inclined 
draft gage. Gases were supplied from high 
pressure cylinders, or in the case of air, 
trom the building air supply under pressure 
regulator control. Inlet and outlet temper- 
atures of the flowing gas were obtained by 
permanent thermometer installations. Pres- 
sure taps above and below the bed provided 
absolute pressures and pressure-drop data 
for the reactor. The reactor outlet piping 
included a connection for wet test metering 
of the gas flow for standardization purposes 
or for the low flow rates where the use of 
the orifice installation would introduce ap- 
preciable error. 

No attempt was made to adapt the equip- 
ment to adiabatic operation, since all the 
runs were essentially at room temperature 
Thermocouples were introduced into the 
vaporization chamber and permanently at- 
tached to three porous spheres. This was 
accomplished by drilling through a major 
diameter and inserting the thermocouple 
through the sphere until the tip reached a 
point just below the opposite surface. The 
dimensions of the vaporization section made 
it impractical to include a larger number 
of thermocouples. 

This procedure eliminated the necessity 
of assuming that vaporization takes place 
at the wet-bulb temperature. It is highly 
probable that at the low gas velocities 
realized in this investigation, the actual 
surface temperatures would deviate mark- 
edly from the wet-bulb readings. In gen- 
eral, wet- and dry-bulb thermometry can- 
not be regarded as valid at the gas velocities 
within the laminar range. 

A satisfactory operating procedure was 
evolved as a result of a number of prelim- 
inary runs using a water-air transfer sys- 
tem within the range of modified Reynolds 
numbers for which accurate data are avail- 
able. The total amount of mass transferred 
was found to be relatively small and in 
order to maintain a sufficiently high degree 
oi precision, the liquid vaporized was best 
determined by weighing the bed at the 
beginning and end of each run rather than 
at specified time intervals during the pro- 
gress of the run. To avoid the possibility 
of extending a run beyond the point of 
steady-state transfer, the length of the con- 
stant rate period for each experimental 
system was investigated as a function of 
the gas rate. The total transfer surface and 
the temperature of vaporization also affect 
the length of the constant rate period. 
Neither of these quantities was varied ap- 
preciably in actual practice since these 
variables were not specifically under inves- 
tigation. Average values were used in the 
above determinations, but to provide a 
margin of safety against minor deviations 
from the average, the runs were restricted 
to a maximum of 75% of the predetermined 
constant rate period. 

An initial period of operation was allowed 
for the system to reach steady state. The 
bed was then quickly removed, weighed, 
and returned to the reactor for the quanti- 
tative portion of the run. The differential 
weight loss of the bed accounted for the 
liquid transferred to the gas phase. Al- 
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though the time required for initial weigh- 
ing seldom exceeded 45 sec., a slight shift 
from steady-state conditions was unavoid- 
able. The period required for return to 
equilibrium, however, was not significant in 
relation to the total time for the run 

The spheres permanently equipped with 
thermocouples were invariably distributed, 
so that readings of surface temperature im 
the plane of vaporization were available for 
both the top and the bottom of the bed. The 
position of these spheres in the cross section 
of the bed was varied at random through- 
out the series of experiments. 

All the experimental runs were based 
upon a porous spherical packing of 0.370 in. 
diameter. The principal physical character- 
istics of the packing include a void volume 
of 47.5%, 34,304 spheres/cu.it. and a total 
transfer area of 102.5 sq.ft./cu.ft. As has 
been previously noted, other investigations 
have conclusively proved that the correla- 
tion includes the effects of temperature and 
packing diameter. Hence, this investigation 
was restricted to atmospheric conditions 
and one packing diameter as a matter of 
convenience. 


Experimental Results. The procedures of 
the previous section were applied to the 
vaporizations of the following liquids in the 
indicated gases : 
water-air 
normal butanol-air 
normal butanol-nitrogen 
toluene-air 
normal octane-air 
normal octane-nitrogen 
normal butanol-carbon dioxide 
toluene-carbon dioxide 
normal butanol-hydrogen 
normal dodecane-hydrogen 


These systems were chosen as represen- 
tative of various types of chemical com- 
pounds offering a wide range of physical 
properties. A second consideration which 
influenced this choice stems from the ex- 


Thermometer 


perimental necessity of restricting the rate 
of vaporization to a point where gases m 
laminar flow will not be saturated with 
respect to the transferable component. Un- 
less these effluent gases are below the point 
of saturation, the driving force tor mass 
transfer cannot be properly expressed in the 
basic rate equation over the entire bed. In 
general, the liquids chosen were restricted 
to those possessing a relatively low vola- 
tility. From a practical standpoint, the 
available transfer surface and the mass flow 
rate of the gases were varied to avoid com- 
plete saturation. A bed depth of 34 in, 
however, was considered to be a minimum 
for retention of the flow characteristics of 
a bed. This minimum bed depth in turn 
established the lower limit of gas flow be- 
low which the transfer data are not adapt- 
able to rate calculations 

Experimental data for each of the above 
systems are summarized in Table With 
reference to the surface temperatures, it will 
be noted that a variation in temperature 
exists at the top and the bottom of the bed. 
This may be due in part to the nonadiabatic 
nature of the vaporization and to the be- 
havior characterized by gases in laminar 
flow. These surface temperatures represent 
actual physical measurements, and when 
used in conjunction with the rate of mass 
transfer, they permit an evaluation of the 
driving force applicable to the rate equa- 
tion. The third thermocouple was used for 
comparative purposes to establish the nature 
of the surface temperature variation within 
the bed, both in the direction of and per- 
pendicular to the gas flow. The variation 
in the direction of gas flow appeared to be 
approximately linear. Small variations in 
surface temperature were noted in the 
radial direction and as partial compensation 
for this variation, the thermocouples in the 
top and bottom of the bed were positioned 
at random over the entire series of runs 

Table 2 summarizes the calculated results 
including the mass-transfer coefficient and 
mass-transfer factor for each run. The 


Orifice 


Fig. 1. 
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Schematic diagram of vaporization equipment. 
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TABLE 1 


Duration 
of Run 
Hours 


No, of 
Spheres 
In Bed 


Rate of 
Licuid 
Transfer 
1b. /hr. 


Temperetures, °F 


SUMMARY OF EXPERIMENTAL RESULTS 


Inlet Wet 


Pressures, mm Gas 


Buld 


Surface 


Inlet Outlet Inlet 


751.4 
750.8 


755.3 
751.2 


751.4 
750,8 
755.3 


746.5 
742.9 
751.8 
751.2 


745.3 
742.5 
733.7 
733.8 
742.5 


743.1 
743.8 
743.9 
744.0 


749.6 
749.9 
751.2 


740,0 
740.0 
741.9 
741.5 


755.3 
754.1 
745.8 
745.5 
747.3 


753.1 


752 


763.3 
759.9 
761.5 
755.9 
753.6 


Run Notaticn 


Temperature 


Toluene - Cerbon Diox‘de 


n-Dutano] - Nitrogen Tc 
n-Butanol] - Air BC 
Toluene - Air BH 
n-Octane - ‘ir DH 


n-Butano] - Carton (ioxide 
n-Butanol - Hydrogen 
n-Dodecane - Hydreren 


former was calculated from the basic rate 


equation applied to transfer across a gas 
film 


r = [AP 


‘The partial pressure values for the trans- 
ferable component at the interface were 
obtained from the vapor pressures presented 
in Table 3. With the exception of the vapor 
pressures listed for toluene, these data were 
taken from literature. Values for toluene 
resulted from an extension of the work of 
Willingham, et al (17) to the desived tem- 
perature range using the methods developed 
by Thodos (10). 

\ number of simplifying assumptions 
were possible without impairing the accur- 
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n-Octane - Nitrogen we 


Water - Air 


acy of the calculations. For systems in 
which air was used as the flowing gas, the 
calculated results indicated that the small 
amounts of water vapor could be considered 
as dry air in the evaluation of the physical 
properties of the system. The single excep 
tion to this practice was in the treatment 
of data with water as the transferable com- 
ponent. A second simplification seemed 
feasible as a result of the Schmidt group 
calculations for the normal butanol-nitrogen 
system. The evaluation of the film proper- 
ties, viscosity, density, and diffusivity, for 
the various flow conditions produced only 
minor variations in the numerical value of 
this dimensionless group. This is a logical 
result, since average film temperatures re- 
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mained essentially constant for all the ex- 
perimental runs within a given system. 
lurther, the generalized methods used to 
obtain the viscosity (7) and diffusivity (4) 
values are in themselves approximations. 
Therefore, the use of a constant Schmidt 
group for each system was considered to be 
in order with the over-all precision of the 
variables comprising this modulus. Average 
values of the Schmidt group appear in 
Table 2. 


Conclusions 


Mass-transfer factors have been ob- 
tained from the vaporization of water, 
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‘ 
Run 
Gutiet Bottcn : : 
BN-2 0.6833 0.79% 55 75.0 69.2 68,0 63.8 8,65 : 
BN-3 0.4167 1,503 55 76.5 73.0 70.6 65.5 17.9 
BN-4 0,5167 1.1% 751.2 74.5 69.8 68.4 63.4 12.6 
2.4% 69 754.8 73.5 67.5 65.5 65.0 43.2 
Ba-2 0.1333 5,359 76 747,0 76.5 72,0 71.4 68,3 81.5 
BA-3 2667 2.455 75 742.0 77.1 74,0 69.5 66,3 26.7 i 
BA-4 0.1375 4.922 79 751.8 78.5 74.9 71.1 67,3 66,0 
BA-5 0,1000 4.850 751.2 78,7 72,8 70.4 68.5 50,1 
BAS 100% 3,020 65 750,2 78,8 75.7 721.8 69,2 34.5 
Toluene! 
11,59 745.3 78.5 75 58.5 53.5 29,0 
TA-2 0.0347 20,32 117 742.6 80,2 76 56.2 56.2 48.3 ‘ 
TA-3 (00445 27643 131 742.5 80.9 73.0 59,1 52.5 65.5 
TA-4 0.0583 6,20 08 733.7 73 70.3 55.0 57.5 12.5 
TA-5 9.52 83 733.8 72.6 69,8 57.5 53.5 22.5 
TA-6 0, 0583 8.73 70 142.5 79.5 75.5 59.5 55.5 18,2 

prOctane-Ai 

7.077 63 743.1 81.5 «67.2 64.5 28,2 
01333 4.862 2 743.8 £0.2 64.5 15.5 
(0,150 3.763 73 74,39 77.6 TheS 64.9 10.4 
«00,0833 10,660 72 74.0 79.9 62.7 5401 
p-Octane-Mitrogen 
0.2167 4.965 70 749.6 78.3 75.0 69.5 63.8 16,1 
ON-2 0.2000 4.178 69 749.9 78,8 75,1 20.4 63.1 4.1 
ON-3 1083 7.756 92 751.2 79,8 7.8 70,8 64.3 20.3 
Toluene-Carbon Dioxide 
 0,2750 3.856 60 740.0 78.4 75.3 634 59.5 7.8% 
T-2 00,2542 4-848 72 740,0 78.8 708 65.0 57.1 10,1 
T-3 03333 3.393 72 741.0 76.5 73.0 62.6 59,8 6.10 
,1667 5.912 82 741.5 14.5 62,0 59,8 54.9 13.3 
p-Butanol-Carbon Dioxide 
| BC-1 0.3500 0.945 62 755.3 71.6 70.5 66.8 66,0 10.4 
BC-2 00,9500 1,311 75401 72.3 7,0 67.3 65.0 13,1 
BC-3 0.879 745.8 76.9 73.8 69,8 69,2 8.02 
BC=4  0,1667 1,627 73 745.5 7.8 75.3 70.6 69.3 16.8 
BC-5 02167 2,004 73 747.3 78.3 75.3 €9.8 69,1 22.3 
BH-2 0,0%167 5.608 62 752.9 78,2 75.0 698 66.8 
DH-1 06167 0.234 115 753.9 753.9 81,1 81.1 81,1 21.1 22,87 
Di-2  0,4067 0.2565 us 736.1 736.1 21.5 81.6 281.5 81.5 27.56 
Water-tir 
Wa-l «07790 1.877 62 76504 78.5 65.6 54.8 52.9 51.5 54.0 
ge Wa-2 0.6917 1.393 57 761,0 77.7 69.5 61.6 55.0 32,0 54.6 + 
Wa-3 (0,452 54370 100 763.9 77.3 64.9 55.5 54.0 135.0 53.2 
0.4380 4.047 100 756.5 77.7 61.7 52.5 51.5 107.5 53.0 
WA-5 0.5295 3.273 75 754.0 78.6 55.5 54.0 84.5 53.0 

3 


toluene, normal butanol, normal octane 
and normal dodecane into such gases as 
hydrogen, nitrogen, air and carbon 
dioxide supplementing the existing cor- 
relation based upon the vaporization of 
water in air. It will be noted from Table 
2 that the Schmidt group varied from 
0.61 for air-water to a maximum of 5.06 
in the case of hydrogen-normal dode- 
cane which represents approximately an 
eight-fold variation. It is interesting to 
note that for the air-water system, the 
measured temperature in the plane of 
vaporization deviates markedly from the 
wet-bulb temperature at the lowest gas 
flow rate, but approaches the wet-bulb 
temperature at increased rates. 

In the present treatment, the modified 
Reynolds group, D,F/p, has been used 
to facilitate a comparison with previous 
data in this field. This comparison is 
presented graphically in Figure 2. The 
present studies are in general agreement 
with the work of McCune and Wilhelm 
(8) and extend the results of Gamson, 
Thodos and Hougen (3). 

A critical analysis of the data appear- 
ing in Figure 2 between modified Rey- 
nolds numbers of 20 and 100 was made 
in view of a possible transition from 
laminar flow as predicted by the corre- 
lations of Brownell, Dombrowski and 
Dickey (1) for flow through porous 
media. A critical value of a modified 
Reynolds number of 50 is comparable 
to the accepted 2100 value for flow 
through circular conduits based upon 
bed characteristics used in these studies. 
The majority of experimental points 
below the critical value are the result of 
liquid-film studies by Hobson and 
Thodos (5) on the systems isobutanol- 
water and methyl ethyl ketone-water. A 
critical review of the experimental 
technique emphasizes the reliability of 
the isobutanol-water data as opposed to 
the methyl ethyl ketone-water system. 

It was found that the present data for 
a variety of gaseous systems for modi- 
fied Reynolds numbers less than 50 when 
considered in conjunction with the more 
reliable isobutanol-water points, pro- 
duced a linear power function with a 
negative slope of unity. This is in 
complete agreement with the established 
characteristics of laminar flow. The 
mathematical representation of this 
function for values of Re<50 is 
Ja = 10/Re. 

As might be expected, an exact defi- 
nition of the correlation in the transi- 
tion range is not readily apparent. At 
Reynolds numbers above 150, the corre- 
lation may be again represented by a 
power function, j, = 1.30/Re®*, The 
recommended correlations are indicated 
graphically in Figure 2. 

The present experimental work cor- 
roborates both the liquid- and gas-phase 
transfer data previously reported and 
permits more accurate definition of the 
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correlation with the 8 to 300 range of 
values for the modified Reynolds num- 
ber. 
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Notation 


effective surface area of gran- 
ular particles per unit vol- 
ume, sq.ft./cu.ft. 
= mean concentration of non- 
transferable component, in 
the liquid film Ib.moles /cu. ft. 
diffusivity coefficient of trans- 
ferable component in liquid 
state, sq.ft. /hr. 
diffusivity coefficient of trans- 
ferable component in gaseous 
state, sq.ft./hr. 
effective particle diameter, ft. 
= superficial mass velocity of 
flowing fluid, Ib./(hr.) (sq. 
ft.) 
superficial mass 
flowing gas, 
ft.) 
= mass-transfer factor for gases 
mass-transfer factor for liquids 
= mass-transfer coefficient for 
gas film, Ib.moles/(hr.) (sq. 
it.) (atm. ) 
mass-transfer coefficient for li- 
quid film Ib.moles/(hr.) (sq. 
ft.) Ib.mole/cu. ft. 
superficial mass velocity of 
flowing liquid, Ib./(hr.) (sq. 
ft.) 
= mean molecular weight of flow- 
ing medium, Ib. /mole 
partial pressure of transferable 
component in gas film, atm. 
= mean partial pressure of the 
nontransferable component 
in gas film, atm. 
= rate of mass transfer, lb.moles/ 
hr. 
volume of granular bed, cu.ft. 


velocity of 
Ib./ Chr.) (sq. 


GREEK: 


4 = symbol for difference 
absolute 
(it.) 
density, tb. /cu.ft. 


viscosity, 


Ib. /(hr.) 


TABLE 3 


SUBSCRIPTS: 


f = film 


m > mean 
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Discussion 

John L. Dewey (Battelle Memorial 
Institute, Columbus, Ohio): Could you 
give some explanation of the rather 
large spread of the data at low Reynolds 
number, with this correlation ? 

Merk Hobson: | think that mass- 
transfer data, in general, have a tend- 
ency to spread. We have found that to 
be true in the past. In the case of the 
liquid data we are dealing with unsteady 
state transfer which involves extrapol.- 
tion back to zero time. This undoubtedly 
is a factor in connection with the spread 
of these liquid data. In connection with 
the gas-transfer material, we had to 
depend upon a calculated material bal- 
ance. If we had been able to check it 
experimentally, the results, perhaps, 
would have been in a little better agree- 
ment with the over-all curve that we 
finally established. 


VAPOR PRESSURES OF LIQUID COMPONENTS 


(mm.) 


Liquids 


n Butanol n- Dodecane 
(6) (10) 


ce 


n-Octane 
Toluene 
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R. D. Morse (Du Pont Co., Wil- 
mington, Del.): On your chart of 
Reynolds number vs. J factor, you 
showed two straight lines meeting at a 
transition region with a jog connecting 
those two lines, which looks similar to 
the meeting point for ordinary pipe line 
flow. I wonder if it is perhaps too much 
to expect that in a bed of granular 
materials where we do not have a ho- 
mogeneous geometry we would have 
two straight lines and a narrow point 
of meeting where the jog would apply? 

Merk Hobson: We certainly didn’t 
mean to infer that they met. You will 
notice that the equation in the laminar 
region applies to a number of particles 
with a modified Reynolds number of 50. 
We would not express the correlation in 
terms of a power function again until 
we reach 150. Hence there is that dif- 
ferential between the 50 point and the 
150 point, where I think the correlation 
is best expressed by a graphical average 
such as we have used. We indicated that 
region in dash lines. I think we have 
to use our own judgment in interpreting 
that particular region for the correla- 
tion. Certainly the equation does not 
apply. 

R. D. Morse: Did you succeed in 
determining whether there is any en- 
trance and exit effect for the rather 
shallow beds of large particles in small 
tubes you used ? 

Merk Hobson: No, we did not. 

R. G. Taecker (Kansas State Col- 
lege, Manhattan, Kan.) : How were sur- 
face temperatures obtained for the va- 
porization of these various liquids into 
gas streams? 

Merk Hobson: The exact technique 
consisted of drilling through a major 
diameter of three of the spheres, and 
permanently installing fine wire thermo- 
couples on the opposite surface. Now 
there may be question as to 
whether the tips were indicating the 
actual interfacial temperature. I think 
we approached that about as closely as 
one can, experimentally, however. 

R. G. Taecker: How were radiation 
errors minimized ? 

Merk Hobson: No attempt was 
made to make this operation adiabatic. 
We were not making any assumptions, 
as | said, with regard to adiabatic 
saturation temperatures. We compen 
sated for this, however, by making the 
temperature of the runs all essentially 
room temperature. This was justified, 
since the correlation inherently includes 
temperature effects, a point that has been 
conclusively proved prior to our work. 
Hence temperature was not a variable 
under investigation. 


some 


(Presented at 
Meeting.) 


Kansas City (Mo.) 
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= 50 0.0346 5.94 12.48 9.21 
55 0.0451 14.65 11.07 
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65 0.0751 9.90 19.98 15.80 
a 70 0.0959 11.65 23.21 18.78 
80 0.1539 15.94 31.02 26.22 
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POLLUTION ABATEMENT AND INDUSTRIAL 
WATER MANAGEMENT 


CHARLES F. HAUCK 


Hall Laboratories, Inc., Pittsburgh, Pennsylvania 


HE diminishing availability of 
water, coupled with increasing costs 
of treatment for usage and disposal 
have greatly magnified its importance in 
industrial plant planning and operation. 
As with taxes, some water costs are 
apparent, others are hidden—in power 
and fuel bills, equipment maintenance 
and replacement costs, etc. For this 
reason, plant-water problems should be 
dealt with expertly and carefully. In so 
doing, the many interrelationships 
among water-procurement-treatment- 
usage-disposal problems must be fully 
explored and exploited if lowest over-all 
plant-water costs are to be realized. 
This is the objective of the art and prac- 
tice of industrial water management. 
Abatement of pollution from water- 
borne industrial wastes constitutes a 
major problem of industrial water man- 
agement. In many chemical and petrol- 
feum plants it is more difficult and ex- 


nsive to condition water for disposal 
han for usage. This paper presents, for 
ndustrial plants, a stepwise program 
hich will lead to solution of industrial 
yaste problems for lowest  over- 
Il costs. The importance of simplifying 
nd minimizing pollution problems be- 
lore deciding upon treatment procedures 
nd the importance of interlocking re- 
tionships among the problems men- 
ioned will be stressed. 
That water problems should not be 
nsidered or solved piecemeal is illus- 
ated by the following case study. A 
perboard mill harassed by diminishing 
ater supply was considering purchase 
f land for development of supplemen- 
ry wells. A co-ordinated study of all 
plant water problems revealed: 


1. That well output had diminished to 
the point where supply was danger- 
ously little more than demand 
That water wastage was occurring 
due to a condenser slime problem and 
improper control of pumpage and 
storage 
That correction of the mill's waste 
disposal problem would drastically 
reduce fresh water requirements 


An inexpensive well-cleaning pro- 
gram immediately and substantially in- 
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creased well capacity. Effective slime 
control, and better synchronization of 
water pumpage and storage with de- 
mand eliminated wastage. Conservation 
of raw water was also achieved through 
reuse of effluent. By better water treat- 
ment and usage, a problem in procure- 
ment of water was solved. In this way 
a major investment in additional wells 
was avoided and a co-ordinated plan for 
pollution abatement with a view to in- 
creasing the mill’s raw water reserves 
was evolved. 

Water problems should be approached 
with a knowledge of water technology, 
understanding of quantity and quality 
requirements at all water-usage points, 
and an appreciation of the principles of 
engineering economy. All these are 
necessary to attack effectively an indus- 
trial waste-disposal problem. 

Such an attack may be likened to a 
major military campaign and logically 
divides itself into four phases as fol- 
lows : 


1. Reconnaissance—fact-finding 

2. Preliminary maneuvers — defining, 
simplifying and minimizing the waste- 
disposal problems 
Frontal ,&sault—working out treat- 
ment and disposal processes, design 
and construction of disposal facilities 
Consolidation of gains — continued 
practice of good industrial water 
management 


Reconnaissance 


In general before water problems can 
be brought into clear focus, reliable and 
complete data must be available regard- 
ing water quantity and quality require- 
ments at various points of usage. To 
formulate a pollution-abatement pro- 
gram before all pertinent data are 
known is as unsound as it would be to 
start a military campaign without a map 
of the target territory. 


Process Conditions. Flow sheets 
showing water and materials balances 
for all operations involving water will 
highlight the foci of pollution and the 
interrelationships of waste disposal with 
other water problems. 
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Stream conditions above and below 
the plant should also be known espe- 
cially in areas where effluent quality is 
determined by the stream’s ability to 
assimilate pollution. 


Gauging and Sampling. It is a matter 
of self-interest as well as self-defense 
for industry to know what substances 
enter, pass through, and are discharged 
from its plants by the water route. De- 
velopment of a materials or water bal- 
ance for an operation or for a plant in- 
volves problems of flow measurement, 
sampling, and analysis. The innumer- 
able problems encountered in analyzing 
industrial wastes will not be considered 
(5) but there are certain basic factors 
in sampling. 

Frequently gross sampling errors 
spoil the results of arduous analytical 
procedures carried out to obtain high 
accuracy in examining industrial waste 
waters. Often we strive to reduce errors 
in analysis from 0.2% to 0.15% and 
blithely ignore errors of 10 to 20% in 
sampling. Sampling errors may result 
from how the sample is taken, where it 
is collected, or the methods of composi- 
ting and may be cumulative or compen- 
sating. Too frequently due to hidden 
sampling errors false conclusions are 
derived about efficiencies of waste-pro- 
ducing or waste-treating operations. 
Usually both spot and composite samples 
should be included in the program. 
Catch samples are needed to establish 
the shape and amplitude of concentra- 
tion fluctuations. But the total quantities 
of waste components can be determined 
more easily from composite samples. 

Choice of the'sampling location re- 
quires consideration of the process 
cycle, sometimes synchronization of 
sampling at several points, hydraulic 
suitability, etc., and the carrier into 
which wastes are discharged. In gen- 
eral, points of great turbulence in 
streams, where hydraulic conditions are 
best for the nonseparation of solids, are 
most desirable for sampling. Even 
where the contaminants are soluble, 
homogeneity of samples is not assured. 


July, 1951 


/ 
at 
P 
4 
q 
4 
; 
2 
, 
~ 


Dissolved substances such as acids, 
bases, brines, dyes, etc., travel for great 
distances as slugs without blending with 
surrounding water. This is particularly 
true in large pipes, channels, rivers, etc. 
For example the north and west 
branches of the Susquehanna River flow 
as one stream for 55 miles without at- 
taining homogeneity. 

Besides being representative, samples 
should be large enough for all deter- 
minations desired. In this respect, it is 
better to err by collecting too much 
sample rather than too little. It is not 
unusual to want more sample for tests 
not originally planned, or for check 
analyses. When the sample must be pre- 
served for one or more determinations, 
it is sometimes essential to take dupli- 
cate or triplicate samples to insure avail- 
ability of complete data. 

How many samples should be col- 
lected? In a symposium, “Usefulness 
and imitations of Samples,” sponsored 
by the A.S.T.M., (7) a basis is provided 
for determining an adequate number of 
samples. V/here concentration critically 
affects controllability or treatment costs 
a high degree of certitude is advisable. 

There is a definite trend toward me- 
chanical sampling and mechanical col- 
lection of samples should be combined 
with flow measurement. 
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Sample Preservation. The accuracy 
of the data collected is also affected by 
sample stability and the sensitivity of 
the analytical procedure employed. 
Waste-water samples are notoriously 
unstable and may be due to chemical, 
physical or biological characteristics. 
Substances that are volatile, easily oxi- 
dized, or reduced and temperature and 
color are susceptible to rapid changes in 
concentration. Solids may tend to co- 
agulate or peptize, thus affecting the 
suspended solids values. In one plant 
concerned with removing fats and fat- 
like substances from waste waters the 
responsiveness of these substances to 
treatment was significantly different at 
the sampling point than 15 min. later in 
the laboratory. This experience, how- 
ever, represents unusual instability. 

The best antidote for such sample 
change is, of course, prompt analysis. 
Since this is seldom practical, other 
means are employed. The most com- 
mon way to minimize changes in sample 
composition is refrigeration of the 
sample at 4°C. to 10°C. Figure 1 
summarizes in a qualitative manner 
recommended methods of fixing water- 
borne industrial wastes. 


aouveg 


pextg 


Preliminary Maneuvers 


Formulation of Policy. When the 
data assembled by the fact-finding pro- 
cedures are organized, evaluated and 
tabulated a map of the water-problem 
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TOTAL FEEDWATER CONDITIONING COSTS 


WITHOUT ANY HEAT RECOVERY 


FROM 


FLASHING 
46 


FLASH! 
78 


Annual cost in dollars « 1000 


BLOWDOWN 


FLASHING BLOWDOWN AT SOPSIG 
26% HEAT RECOVERY 


BLOWDOWN AT 5PSIG—, 
% HEAT RECOVERY 


AND HEAT EXCHANGE 
HEAT RECOVERY 


ol 


Fig. 2. Comparison of feedwater conditioning costs with and without heat recovery 
rom blowdown. 


A. Lime plus sodium aluminate for clarification and bicarbonate hardness 
removal plus sodium cycle softening and internal treatment. 


B. Lime plus sodium aluminate for clarification and bicarbonate hardness 
removal plus deionization for reduction of dissolved 
solids and internal treatment. 


areas in the plant is now available. This 
map will show the location, complexity, 
and severity of the plant's waste-disposal 
Problems At this point, management 
phould be supplied with adequate infor- 
mation on the following points so that 
basic policy on pollution abatement can 


be established: 


General and specific regulations on 

the discharge of waste waters which 

apply to the plant 

Magnitude, composition and variabil 

ity of the pollution load which 

a. is discharged by plant 

b. is allowed by the regulatory body 

c. can be assimilated by receiving 
body of water 

Probable costs of treatment to reduce 

the pollutional load to the quantity 

specified by 2b and 2c 

What other industries and municipali- 

ties in the same and similar drainage 

areas are doing toward pollution 

abatement 

5. Whether competitive plants are treat- 

ing their waste waters 


After 


nomic, 


considering the engineering, 
legal and public relations 
management should define its 

eral policy on pollution abatement. 

ven an individual or group should be 
assigned the responsibility of planning 
and executing a program of water man- 
agement and pollution abatement in con- 
sonance with this policy. Guided and 
supported by a well-defined policy on 
pollution abatement the water manage- 
ment group can then effectively move to 
minimize and simplify the waste water 
problem through: 


tors, 


1. Conservation of heat, water and 


materials 


Page 378 


Stagewise use and reuse of water 
Reclamation of waste products 
Segregation of various wastes to 
facilitate treatment 

Modification of processes or operating 
procedures 


Conservation of Heat, Water, and 
Materials. Logically pollution abate- 
ment should begin by reducing the loss 
of materials to the plant’s waste waters. 
In refineries regular “leak patrols” have 
been established to prevent and detect 
leaks. Plant suggestion boxes will often 
furnish ideas on how materials losses 
can be decreased. 

Good housekeeping practices consti- 
tute an important toward waste 
elimination and materials conservation. 
How to organize plant personnel to 
carry on a campaign for this purpose 
has been discussed by Hart (4) and 
others. 


step 


Conservation of water, heat, and ma- 
terials helps to waste-disposal 
problems and generally is profitable be- 
sides. If raw and process materials do 
not get into the sewers they need not 
be removed from waste waters. How- 
ever, there is neither incentive fer nor 


solve 


advantage in water conservation where 
sufhcient water is available for dilution 
of industrial wastes and where regula- 
tions do not forbid it. 

In paper and pulp mills important 
heat and materials have 
been realized through saveall systems. 
Despite this fact many plants ignore 
such savings until pressure for pollution 
abatement makes such changes impera- 
tive. In petrochemical plants valuable 


economies 
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hydrocarbons picked up by condensing 
and cooling waters are increasingly re- 
covered in separators at the units pro- 
ducing the wastes. If these materials 
are trapped in a separator near the 
source it is likely they can be recycled 
with little or no prior purification. 
Figure 2 illustrates (1) how fuel and 
water costs are sometimes interdepend- 
ent. Without heat recovery from blow- 
down, the two water-treatment costs are 
about equal. However, with increasing 
degrees of heat reclamation from blow- 
down, treatment A becomes progres- 
sively more economical than treatment 


B. 


Stagewise Use and Reuse of Water. 
It is common to recirculate cooling 
water particularly in areas of limited 
water supply. But in general these tech- 
niques have not been exploited to the 
fullest economic extent. This is espe- 
cially true where waste waters must be 
conditioned before discharge. 

The treatment of waste water for re- 
use is especially practical if water is 
scarce or effluent must be treated to a 
purity level approaching or exceeding 
quality requirements for usage. For ex- 
ample (3) at a Kansas refinery 1200 
gal./min. containing 250 p.p.m. of oil is 
passed through a softening and clarify- 
ing unit 45 ft. in diameter. About 1200 
gal./min. of effluent containing 10-18 
p-p.m. of oil is reused as cooling tower 
make-up. Chemical costs average 4 
cents/1000 gal. and include ferric sul- 
fate, soda ash, and lime. The total in- 
stalled cost of the equipmert was 
$60,000. 

Sometimes minor changes in equip 
ment or method will permit reuse of 
water otherwise not possible. For ex- 
ample, air-cooled heat exchangers are 
economical where make-up water is 
expensive to treat or scarce im supply, 
or where the temperature of the fluid 
to be cooled is relatively high. Thus, 
a refinery experiencing scale deposition 
at the hot end of a heat exchanger ob- 
tained substantial relief by stabilizing 
the water. Scale formation was com- 
pletely eliminated by inserting a vertical 
loop of pipe just ahead of the heat 
exchanger. This loop served as an air 
cooler reducing the gas temperature just 
enough for the stabilization treatment 
to work perfectly. 

These experiences show how water 
of nonideal quality can do a job in a 
reuse role even though it may not ex- 
actly fit the part. Sometimes the ques- 
tion of whether a water can be used or 
not can be answered only through trial. 
At one refinery small heat exchangers 
which are easy to take apart and inspect 
are installed ahead of the larger units. 
These test units bridge a gap between 
the open condenser box and complete 
reliance on laboratory control. 
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What are the limits of cooling water 
quality which can be tolerated in typical 
industrial cooling circuits? Inorganic 
and organic sulfides should be less than 
1 p.p.m. Bicarbonate (HCO ;) concen- 
trations up to 500 p.p.m. and sulfate 
concentrations up to 5,000 p.p.m. can 
be stabilized. Of course, organic growths 
should not be permitted in cooling cir- 
cuits. Hydrogen ion concentrations, ex- 
pressed as pH, may vary from five to 
nine depending upon treatment applied. 
These water quality limits are only sug- 
gested to indicate the latitude of concen- 
trations within which recirculation can 
be practiced. 


Reclamation of Waste Products. lf 
the leakage of materials from process 
cannot be prevented every effort should 
be made to reclaim them. For example, 
one chemical plant reports that $1000 
worth of fuel is recovered daily from 
petroleum cracking units producing 
ethylene. Large volumes of cooling 
water containing light oils, heavy oils, 
and tars are discharged. The heavy oils 
and tarlike substances are separated 
from the light oils in a clarifier. After 
purification by centrifugal separation 
the light oils are used as fuel in the 
powerhouse saving $1000/day in fuel 
costs. Similarly brine from the phenol 
plant is used as a raw material in the 
chlorine plant. 

Use of softener sludge to assist in 
clarification of separator effluent has 
been reported by Kalinske (6). Waste 
aluminum chloride was used by Weston 
(8) for coagulation of waste water. 
Recently, a large plant was built by 
Maneely Chemical Co. to produce zinc 
chloride and zine sulfate from pickle 
liquor and zine dross. 

It is a common refinery practice to 
skim oil from separators and pump it 
to a storage tank where three or more 
phases develop. The lower phase is 
water containing substantial oil, the in- 
termediate phase is a water and oil 
emulsion and the top layer is oil. In 
practically all instances this top layer is 
suitable for direct rerun. Generally, it 
contains less than 1 per cent of bottom 
sediment and water. It is the middle 
layer which presents difficulties from a 
reuse or disposal standpoint. This so- 
called slop oil emulsion is solids stabil- 
ized except where petroleum soaps are 
present. Resolution of this slop oil was 
a vexing problem until the Oliver United 
Filter Co. succeeded in breaking these 
slop oil emulsions on their precoat filter. 

Depending on the gravity of the oil, 
the water content (which may vary 
from a few per cent to 95 per cent) and 
more importantly on the amount and 
character of the solids present, flow 
rates of 1% gal./(sq.it.)(hr.) to 20 
gal./(sq.ft.)(hr.) are obtained. After 
passing through the precoat filter, the 
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mixture of oil and water is allowed to 
settle for about six hours. The separa- 
tion is sharp and complete as shown by 
Figure 3. The oil is withdrawn for 
rerun and the water separated from the 
oil is returned to the waste water clari- 
fication unit. The solids removed from 
the slop oil emulsion are enmeshed in 
the precoat material and present no 
disposal problem. At one refinery the 
reclaimed oil will pay for the precoat 
filter installation within 30 months. 

At several refineries spent caustic is 
used as a demulsifying agent for treat- 
ing slop oil. In one refinery the spent 
caustic has replaced an expensive com- 
mercial demulsifying agent in the emul- 
sion-treating operation. The recovery of 
salt cake in rayon plants and strong 
caustic in cotton mills are other ex- 
amples of reclamation of waste mater- 
ials. 


Segregation of Various Wastes to 
Facilitate Treatment. Due to the many 
substances and widely fluctuating con- 
centrations found in chemical plant 
waste waters, treatment of mixed wastes 
is difficult if not impossible. Conse- 
quently, segregation of wastes according 
to type is sometimes essential and 
usually advantageous. Thus, in a plating 
waste-disposal system, it is best to 
separate the chrome-bearing waste and 
cyanide wastes. The hexavalent chrome 
must be reduced and the cyanide is 
ordinarily oxidized. Thus, to treat the 
same stream for removal of both cyanide 
and hexavalent chromium would require 
a complete reversal of reaction medium 
from a reducing to an oxidizing en- 
vironment. 

Usually it is advantageous to separate 
the strong wastes from the weak wastes. 
The cost of separate sewers for segre- 
gation is offset by lower capital cost for 
the treatment units. Only rarely should 
sewer systems for industrial waste water 
and storm runoff be combined. Not so 
evident but occasionally just as impor 
tant are the advantages ol segregating 
uncontaminated water so that the former 
can be released directly to the stream or 
reconditioned for reuse. 

A plant manufacturing ceramic and 
metallic parts was planning to install 
large settling tanks and auxiliary equip- 
ment for treating approximately 45,000 
gal. of waste water/day. However, in- 
vestigation ofthe plant’s water-use prac- 
tices, revealed that the plant wasted 
more than half the water it purchased. 
Furthermore, approximately one third 
of the remaining water was easily segre- 
gated and discharged without treatment. 
The residual waste volume requiring 
treatment amounted to only 6,000 gal./ 
day. To condition this small volume for 
discharge, a 700-gal. settling tank was 
provided and a discarded plate-and- 
frame filter press was used to dewater 
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the settled solids. Thus, the disposal 
problem in this plant was simplified, 
minimized, and corrected with the ex- 
penditure of much money than 
would have been necessary for facilities 
to treat 45,000 gal. In addition the plant 
water bill was reduced by 50 per cent. 

When strong wastes are treated, the 
treatment units can be smaller ancMtreat- 
ment is usually less costly than when 
the same amount of a pollutant is re- 
moved from a larger volume of water. 


less 


Modification of Production Proced- 
ures or Processes. Sometimes seaboard 
plants can dispose of small quantities of 
exceptionally foul wastes by hauling the 
wastes by barge or sending them as 
ballast on outgoing vessels for dumping 
at sea. Occasionally it is possible to 
eliminate entirely or ameliorate a waste- 
disposal problem through changing the 
waste-disposal procedure. At least one 
refinery solved the problem of waste- 
caustic disposal by selling it to a pulp 
mill. 

The most satisfactory solution, thus 
far suggested for the difficult problem 
of waste sulfite liquor disposal, is a 
change from calcium to magnesium or 
ammonium salts with almost complete 
recovery of the chemicals and heat. The 
substitution of closed coils in reaction 
for open will sometimes 
eliminate difficult waste-water problems. J 
A chemical plant in Maryland faced 9 
with the necessity of treating fluosilicic J 
acid altered its processing to produce 
silica gel from the waste fluosilicic acid. 


vessels coils 


Frontal Assault 


Development of Treatment Methods 


Fig. 3. Samples of slop oil before and 
after filtration through a precoat drum 
vacuum filter. 
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Only after every practical step has been 
taken to dwarf the plant’s waste-water 
problem should treatment procedures 
for the waste water be decided upon. 
However, consideration must be given 
to possible treatment methods while 
other steps in the pollution abatement 
program are developing, otherwise sim- 
plification and minimization measures 
cannot be properly evaluated. 

The volume and composition charac- 
teristics of the plant’s waste waters are 
likely to be greatly reduced by the prior 
phases of the program. After the 
physical, chemical, and biological char- 
acteristics of the residual wastes are 
known, a thorough and complete review 
of prior art should be made. The unit 
operations of water purification and 
sewage treatment often provide adequate 
solutions to industrial waste problems, 
but even this reservoir of engineering 
experience frequently fails. Conse- 
quently, there is a great need for more 
investigational work. to develop new 
water-treatment techniques. For exam- 
ple, hydrocarbon oxidizing bacteria are 
credited (9) with correcting oil pollu- 
tion of waterways and soil. Gradually, 
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Fig. 


PLAN VIEW 


how to employ such microbes in treating 
oily wastes will be known just as engi- 
neers have learned to use _ biolog- 
ical processes to treat such toxic sub- 
stances as phenols, formaldehydes, and 
sulfides. 

Some promising treatment methods 
will be eliminated because of space re- 
quirement. Others will be dropped be- 
cause of treatment shortcomings. The 
remaining methods should be evaluated 
then on the basis of capital investment 
required, operating costs, and fixed 
charges. Frequently, it is difficult to 
predict treatment cost or treatment 
effectiveness. In such cases, laboratory 
experimentation and/or pilot plant 
studies will make possible reasonably 
accurate estimates. Such investigations 
prevent costly errors in design when the 
problem to be solved is nonstandard as 
most waste-disposal problems are. 

For example, a plant manufacturing 
producer gas was required to treat the 
washer water for solids reduction and 
destruction of phenol and cyanide. A 
preliminary evaluation of possible treat- 
ment procedures revealed that two solu- 
tions for the problem appeared promis- 
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4. Pilot unit for treatment of gas-washer water. 


ing. First, the washer water could be 
used in a once-through system treated 
chemically and discharged. Second, the 
washer water could be recirculated in 
a closed system. Aeration, pH adjust- 
ment, chlorination, and finally treatment 
with chlorine dioxide were necessary to 
destroy the phenols and cyanide. Due to 
the high cost of chlorine dioxide and 
uncertainty regarding the quantity re- 
quired, it was decided to determine 
chemical treatment costs for a once- 
through system by pilot plant operation. 

Design features of the pilot plant are 
shown in Figure 4. The pilot plant was 
operated at 5 to 20 gal./min. for several 
days to stabilize chemical feeding and 
to eliminate the inevitable mechanical 
difficulties which arise. Then several 
weeks of steady operation followed pro- 
viding sufficient data definitely to con- 
clude that treatment of the washer water 
was too expensive in this case. To treat 
1.25 m.g.d. involved a daily chemical cost 
of $47 and a daily total cost of $93. 
Instead a ‘recirculating system was de- 
cided upon with clarification and cool- 
ing between washing cycles. The esti- 
mated daily cost of procedure was $28. 


July, 1951 


| 
‘ 
‘ 
= = 4 
a 
J 
— ~ 
4 
j 


The pilot plant was again operated to 
study more closely the settling charac- 
teristics of the suspended solids, the 
physical characteristics of the sludge 
solids, etc. The pilot plant not only 
furnished the data for selecting the basic 
disposal plan but also design data for 
clarifying the recirculated washer water. 
The value of this pilot plant study is 
eminently evident. 

The work of Weston (8) using dupli- 
cate coagulation pilot plant units for 
clarifying refinery wastes, was a valu- 
able contribution to water technology 
and further demonstrates the usefulness 
of pilot plant studies. The treatment of 
formaldehyde wastes on high rate re- 
circulating filters was studied by Dicker- 
son (2) with a pilot filter. These are 
examples of how the frontiers of knowl- 
edge regarding the adaptability of 
classical sewage treatment units can be 
safely extended in new directions 
through pilot plant investigations. 


Consolidation of Gains 


The success of any industrial water- 
management program, of which pollu- 
tion abatement is a part depends upon 
good follow-up and follow-through. 
Furthermore, when plant expansions or 
new facilities are planned, full consid- 
eration should be given to the water 
aspects of such plant alterations or ex- 
tensions and how they affect over-all 
water-management program. Since the 
breadth and depth of water technology 
are increasing continually, a dynamic 
and sustained interest in the means and 
methods of pollution avoidance and 
abatement must be maintained in the 
plant. Every plant employee down to 
the labor level should be aware of the 
plant’s water problems. This requires 
education through posters, pep talks, 
area prizes for good housekeeping, etc. 


Summary 

Industrial plants are inclined too often 
to refuse to meet the issue of pollution 
abatement until action is forced upon 
them by regulatory agencies. In such 
instances there is usually insufficient 
time for thorough study of the problem 
and a more expensive solution is reached 
than could have been developed over a 
period of years through a well-planned 
program of industrial manage- 
ment. 

Localized water shortages and gener- 
ally increasing direct and indirect water 
costs have made piecemeal solution of 
industrial water problems inadvisable. 
Each water problem must be considered 
as only a part of the whole plant-wide 
water problem. This over-all approach 
to water problems is industrial water 
management. In many plants, industrial 
waste disposal is currently a major 
problem in water management. 


water 
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Discussion 


A. D. Potter (Texas State Health 
Department, Austin, Tex.) : How is in- 
dustrial waste management likely to 
affect the cost or quality of the product? 


C. F. Hauck: Here is an example 
of how the practice of industrial water 
management resulted in an improve- 
ment of product. Because poor water 
quality was suspected as the cause of 
unsatisfactory sizing, a water consultant 
was retained to investigate water-treat- 
ment procedures and facilities in a 
large paper-board mill. Several methods 
of improving treated water quality were 
prescribed. At the same time the water 
survey uncovered the major cause of 
the erratic sizing. Procedures were 
then initiated which resulted in improv- 
ing and maintaining sizing quality. It 
is evident that industrial plants should 
be alert to the whole water problem and 
not to just a part of it. 


(Presented at Houston (Tex.) Meet- 
ing.) 


LETTER TO 


“MODIFIED REYNOLDS 
NUMBERS” 


Sir: 


There is a growing practice in chem- 
ical engineering to refer to “modified 
Reynolds numbers.” I would like to 
express an opinion on this subject for 
I think the practice is wrong. 

The Reynolds number is a dimension- 
less ratio found to be useful in many 
phases of fluid mechanics. In so far as 
certain heat transfer operations are the 
results of fluid flow mechanism or are 
analogous to them, the Reynolds number 
is also a useful parameter. The Rey- 
nolds number can be derived by one of 
many techniques, but regardless of 
the manner of derivation the significant 
basic elements of the Reynolds number 
are a length characteristic, a velocity, 
and a kinematic viscosity. One of the 
most common formulations of the 
Reynolds numbers is Lu/v, or Lup/p. 
Notations for these symbols are L for 
length, « for velocity, p for density, » 
for viscosity, and » for kinematic vis- 
cosity. 

Reynolds number also is interpreted 
to mean that it is a ratio of inertia force 
to viscous force. Reynolds number can 
also be thought of as a ratio of eddy 
viscosity to kinematic viscosity. How- 
ever, no matter what interpretation is 
put upon it or what actual length or 
velocity may be described, it still is true 
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THE EDITOR 


that the result of the ratio is a Reyne dg 
number. It seems to me that if someon 
wishes to modify the Reynolds numbe@ 
he would get something other than 
Reynolds number. Specifically, ther 
would be something other than a lengthy 
a velocity, and a kinematic viscosityy 
Unfortunately, chemical engineer§ 
have for some reason gotten into th@ 
habit of assuming that a diameter of § 
pipe is the length specification for § 
Reynolds number. Such is far from tht 
case. The length in the Reynolds nun} 
ber might be the diameter of a pipe, th 
length of a pipe, difference between t 
diameter of pipes, t 
distance between planes, the equivale 


two concentric 


radius of a leading edge of an air fo 
the diameter of a spherical particle, 
literally a score of other length or equi 
alent length dimensions. Furthermo 
the velocity in a Reynolds number mig 
be an instantaneous velocity or an ave 
age velocity. In view of this it seer 
to me to be completely out of order 
speak of “modified Reynolds number! 
Length, velocity, and kinematic viscosity 
m proper ratio constitute a Reynolds 
number no matter what length is 
described, what velocity is described, or 
what kinematic viscosity is described. 
done’ with the 
extraneous and misleading prefix “modi 
fied.” 


Let us therefore have 


J. H, Rushton, 


Tune 4, 1951 Chicago, Ill. 
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CAST ALLOY REFERENCE SHEET 


N. S. MOTT, Chief Chemist Metallurgist 


The Cooper Alloy Foundry Co., Hillside, N. J. 


ALLOY: ABRASION, HEAT AND COR- 
ROSION RESISTANT HARDENABLE 
12% CHROMIUM ALLOY. 


APPLICATIONS AND REMARKS: This 
composition is a mildly corrosion re- 
sistant alloy capable of being heat- 
treated for a variety of properties in- 
cluding high strength and hardness. 
It has a low coefficient of expansion, 
is readily machineable and weldable, 
and finds extensive use in valve 
bodies, valve trim, pump parts, 
grinding units, etc., especially in 
power plants, oil refineries, and 
paper mills. The alloy has suitable 
corrosion resistance for applications 
involving superheated steam, hot oil, 
foodstuffs, 
and some 
neutral salts; 
however, it 
will rust to a 
slight extent 
in a moist at- 
mosphere. Its 
low cost, high 
strength, high 


Tensile Strength, 
Yield Point, 
Elongation, % ese 
Reduction in % 
Brinell Hardness 
Charpy Impact (Std. 
Med. of Elasticity ( 
Specific Gravity 
Melting Point 


CORROSION 


Sulfuric 10%, 
Sulfuric 10%, 
Sulfuric 76% (60° Be), 
Sulfuric 93% (66° Be), 70 F 
Sulfuric 93% F 

Oleum, 70 F 
Mixed Acids 57% 

28% HN*Os, 


ALKALIES 


Keyhole ft 
10° Ib. /sq.in.) 


pled 


hardness, and wear r 
with an appreciable amount nt of ‘cor- 
rosion resistance, make it an ideal 
alloy for specific applications where 
these factors are of primary importance. 


CHEMICAL COMPOSITION RANGE: 
C< 15%; Cr 11.5-14%; Ni < 1%; 
Si < 1.5%. 


DESIGNATIONS: ACI CA-15; 
410; SAE 60410; ASTM A296-49T, 
Grade CA-15. 


MACHINABILITY: This alloy is readily 
machinable, and to accomplish this, 
it should be in the hardness range of 
220-240 BHN which is best obtained 
by tempering at 1200°F. Softening 


MECHANICAL AND PHYSICAL PROPERTIES: 
1000 Ib./sq.in. 
1000 Ib./sq.in.. 


197° 
139° 
16° 
42° 
372° 
13° 
29 
7.67 
. .2700.2790° F. 


Specific Heat (B.t.u. 
212° F. 
Expansion (x 

21 


im.)) 32-212 


Ibs.) 


RESISTAN 


boiling 


N 
N 
176F N 
G 
> Sodium Peroxide 


Cupric Chloride 1% 
Cupric Sulfate 10% 


Thermal C ‘B t.u./ (hr. ft ) 


Electrical Resistance ete. mil. 
32°F. 


* Hardened and stress relieved @ 600° F 


OXIDIZING ALKALINE SALTS 
Calcium Hypochlorite 2%, 70 F 
Sodium Hypochlorite 5%, 


OXIDIZING ACID SALTS 
Ammonium Persulfate 5% 


.70F 


to too low a hardness causes gum- 
ming and poor machinability. 

HEAT TREATMENT: Heat treatment for 
this alloy consists of oil-quenching or 
air-cooling from 1800° F. after slowly 
heating to temperature and holding 
for 1 hr., followed by tempering for 
3 to 4 hrs. at the correct temperature 
necessary to obtain desired prop- 
erties. Tempering at 600° F. gives 
best strength and corrosion properties. 

WELDABILITY: When welding with a 
rod of similar composition preheat 
casting to 400° F. After welding cool 
to not less than 300° F. then heat to 
1350° F. for 4 hrs. and air cool. If cast- 
ing cannot be heated use a 25-20 type 

welding rod. As 
the alloy is air- 
hardening there 
is a great ten- 
dency towards 
cracking during 
welding and 
considerable 
care must be 
taken. 


32- 


10* in. Cin.) F.) 
5.5 


174 


cE 


PAPER MILL APPLICATIONS 

Kraft Liquor 

Black Liquor 

Green Liquor 

White Liquor 

Sulfite Liquor, 176 F 
Chlorine Bleach 

Paper Makers Alum 


PHOTOGRAPHIC INDUSTRY 


70F 


.70F 


Ammonium Hydroxide. all concs. 
Calcium Hydroxide 10%, boiling 
Calcium Hydroxide 50% , boiling 
Sodium or Potassium, Hy droxide, 


all concs., 70 
. boiling 


Sodium 
or Potassium 

30% boiling 

Potassium, Molten, 600 F 


Humid Atmospheres 
Cellulose Acetate 

Acetic Anhydride 

Acetic Acid + 1% HsSO, 
Developers 

Solutions Containing SO: 
Silver Nitrate, 70 F 


Ferric Chloride 10%, 70 F 
Ferric Sulfate, boiling 
Mercuric Chloride 2%, 70 F 
ric 50%, boiling Stannic Chloride 5%, 70 F 
mic 5%, 70 F 
drochloric 1%, 70 F 
drochloric 1%, boiling 
idrochloric, 5%. 70F 
drochloric 5%, boiling 
drochloric 25% 
idrochloric 25%, 
rofluoric 48%, 
rofluoric 48%, 
tic 5%, 70 F 
lic, all temps. 


ric all concs., 70 F 
ric 65%, boiling 


< 20% 


WET AND DRY GASES 


Chlorine Gas Dry, 70 F 
Chlorine Gas Wet, 212 F 


Sulfur Dioxide Dry, 575 F 
Sulfur Dioxide Wet, 70 F 
Sulfur Dioxide Solution, 70 F 
Sulfur Dioxide Spray, 70 F 


Hydrogen Sulfide Dry 
Hyrdogen Sulfide Wet 


Hydroxide 


Z OM Umm 


FERTILIZER MANUFACTURING 
HaPOs+ HeSO, + HF N 


PICKLING OPERATIONS 


HeSO. + Dichromate, | 76 F 
H2SO.+ Hel, 176 F 


NEUTRAL AND ALKALINE SALTS 
Barium Sulfide, 70 F 
Calcium Chloride 5% 
Calcium Sulfate Sat., 70 F 
Magnesium Chloride 5%, 70 F 
Magnesium Sulfate 5%, 70 F 
Sodium Carbonate alll conc s..70F 
Sodium Chloride 5%, 70 F 
Sodium Sulfate 5%, Fo F 
Sodium Sulfide 5%, 70 F 
Sodium Sulfite 5%, 70 F 


G 
P 
P 
N 
N 
N 
E 
E 
N 
N 
N 
E 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 


176 F. _70F 


Zonm ZO 


CORROSIVE WATERS 
Acid Mine Water 
Abrasive Acid Mine Water 
Sea Water 
Brackish Water 


FOOD & ASSOCIATED 
PRODUCTS 
Brines 
Edible Oils 
Fats 
Fatty Acid Distillation 
Fruit Juices 
Ketchup 
Milk Pasteurizing 
Vinegar and Salt, 


t ORGANIC MATERIALS 


Acetone, 70 F 

Acid Sludge (50% HsSOx,), 200 F 
Alcohol—-Methy] and Ethyl! 
Analine Hydrochloride, 70 F 
Benzol, 176 F 


Carbon Tetrachloride 
Chloroform 


Ethyl Acetate, 70 F 
Formaldehyde, 70 F 
Phenol 5%, boiling 
Refinery Crudes 
Trichlorethylene, boiling 


fic all concs., all temps 
lic 5%, boiling 


sphoric 10%, 
josphoric 65%, 70 F 
Phosphoric boiling 


Stearic conc to 200F 
Sulfuric 
Sulfuric 
Sulfuric 
Sulfuric 
Sulfuric 
Sulfuric 
Sulfuric 


ZZZ 


ACID SALTS 
Alum 10%, boiling 
Aluminum Sulfate 10% 
Ammonium Chloride 5%, 70 F 
Ammonium Sulfate 10%, 70 F 
Ammonium Sulfate 10%, boiling 
Ammonium Nitrate, all concs.,70F 
Stannous Chloride 5%, 70 F 
Zinc Chloride 5%, boiling 


70 F 


ZZZZZZZOH 
MZOmMOnm 


70 F 


No. | 


(FIRST OF 
A SERIES 
or TEN 


RATINGS: 
E- 


G—Good resistance. 


Excellent resistance. 0.004 max. in. per year of penetration 
0.004-0.042 in. per year of penetration 
P—Fair resistance. 0.042-0.120 in, of penetration per year 
P—Poor resistance. 0.120-0.420 in. of penetration per year 
N—No resistance. 0.420 min. in. of penetration per year 
t—-Subject to pitting type corrosion 


Corrosion so slight as to be harmless 
Satisfactory service expected; at most a asligh! etch. 
Satisfactory service under specific condition Light to moderate attack 
Satisfactory for temporary service only. 

Rate of attack too great for any use. 


Page 382 July, 1951 


Chemical Engineering Progress 


fais 
—- 
oe 
é 
IDS 
4 
} cetic 5%, 70 F N 
| cetic 5%, boiling 
cetic 80%, 70 F N 
4 etic Glacial, 70 
etic Glacial, boiling 
mzoic 5%, 70 F 
ore ric 5%, 176 F 
N 
— N 
N 
Fe 
Hy 
Hy 
Hy 
| Me 
= 
. 


PHOTOGRAPHIC EXHIBIT 


A Feature of the Rochester Meeting 


HE next Institute meeting ts to be 

held Sept. 16-19, 1951, at Rochester, 
N. Y., “the Photographic Capital of the 
World.” A symposium on “Industrial 
Applications of Photography” is sched- 
uled for one of the technical sessions and 
it is planned to supplement this with an 
exhibit showing applications of pho 
tography in chemical process industries 
(See August issue for com- 
Rochester meeting.) 


Photography is being used increasingly 


in general, 
plete details of 


in industry to show operations, to teach, 
to simplify, to explain, and to solve. It 
is some of these applications and fune- 
tions im that the Rochester 
exhibit aims to show. Black and white, 
and color, still, and motion pictures will 


industry 


be shown. 

Photography has been of service to 
many A.I.Ch.E. members, both from a 
functional standpoint. 
Functional photography has helped to 


aml a_ report 
show how things work and operate and 
to record a movement often invisible to 
the eve. From a report standpoint. pho- 
tography has been used increasingly to 
describe and emphasize various aspects 
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of chemical engineering reports. It has 
and will continue to eliminate the neces- 
sity for certain art work, diagrams and 
flow The Rochester meeting 
photographic exhibit aims to show these 
two uses to its members: functional and 
report photography. 

If you have a particularly interesting 
example of photography in industry of 
a functional or report type, we would 
like to display it at Rochester. 

The following suggestions are made 
regarding prints : 


sheets. 


Prints should be mounted on a board, 
16 in. & 20 in. size 
Prints must be large 
seen from a reasonable 
They must be properly identified as to 
what is shown or what is happening 
In many instances, a picture is not 
worth 1000 words unless properly 
identified and titled in a legible 
ner. 

Your address should be included on 
the back of all submitted prints 

Send to: Hotel Sheraton, 111 East 
Ave., Rochester, N Attention 
J. S. Bruce, Hold for A.1.Ch.E. meet 
ing. 


enough to be 
distance 


man 


It is also hoped that high speed and 
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normal motion pictures will become @ 
Againg 
you may have, or know of something 


continuous part of this exhibit. 


that would be of general interest. Here 
the following points should be considé 
ered: 
1. It must be titled 
It should be brief 
3. It must be 16-mm. motion picture filn 
either silent or sound 
Your address should be included 
Forward as mentioned above 


All prints must be received befor 
Sept. 1, 1951. These prints will be re 
turned to the owners at the close of th 
meeting. 

Your help in forwarding interestin 
photographic results from the field, plus 
material now in progress will assist in 


While 


no prizes are to be awarded, possibly the 


preparing a meeting “stopper 


acceptance of your print or film in the 
Engineering Technical Salon 


useful to 


Chemical 
will prove interesting and 


other A.1.Ch.E. members. 


Phot graph above shi 


Rochester 
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MIxco* 


that does what you want it to do 


Flexibility—the kind that saves you money and helps you 
get good processing results—is built into Lightnin 
Mixers. 

One example of this is the Lightnin impeller. Sizes and 
shapes are standard—with known flow pattern and 
power response. 

A’s blades are added, the power requirement increases, 
stepwise, in a known quantity. 

This means that Mixco engineers can accurately pre- 
dict what your process results will be. It also permits 
accurate sizing of the mixer—big enough to do the job 
without overloading, small enough to keep your horse- 
power requirements at a minimum. 

The impellers on Lightnin Mixers are made of stand- 
ard, interchangeable parts. Blades can be added, 
changed, replaced without going to the expense of a 
new impeller. This cuts upkeep and gives you flexibility 
to meet future changes in process requirements. 

To get the whole story of how Mixco engineers and 
Lightnin Mixers can give you fluid agitation that's 
guaranteed to do what you want it to do, write today. 


LIGHTNIN SERIES "‘E"’ heavy-duty turbine agitator. 
Made in sizes from 1 to $00 HP. Quickly convertible 
for open-tank or closed-tank operation. Operates at 
any one of 16 standard AGMA speeds. Speed is 
quickly changed without removing unit from tank. 
Described in Catalog B-36. 


MIXING EQUIPMENT Co., Inc. 


(MIXCO) 
199 Mt. Read Blvd., Rochester 11, N. Y. 
In Canada: William & J. G. Greey, Ltd., Toronto 
Please send me the literatu’.) checked: 
B-76 Side Entering Mixers DH-50 Laboratory Mixers 


ing line. Electric or oir 
motor, direct or gear 
drive. Sizes Ya to 3 HP. 


A COMPLETE LINE . . . UNEXCELLED TECHNOLOGY 


(8-78 Top Entering Mixers B-36 Condensed Catalog 
(Propeller Type) showing complete line ve) 
8-89 Top Entering Mixers [] 8-75 Portable Mixers (Elec- 
(Turbine and Paddle Type) tric and Air Driven) LIGHTNIN —— TOP ENTERING 
PORTABLE MIXERS AGITATORS 
MIXERS Turbine, propeller 
World's largest-sell- and paddle types. 


V-belt drive; motoriess types. 
Sizes | to 25 HP. 


For open or 

tanks. 16 speeds 
available in new 
heavy duty drive. 
Sizes % to 500 HP 
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BULLETINS 


1 @ DISINTEGRATORS. Disintegra- 
tors for the process industries are 
illustrated in a folder by the Rietz 
Manufacturing Co. Construction de- 
tails are shown in a cutaway view 
of the model, a fixed-hammer type. 
Series ranges from 5 to 400 hp.—five 
sizes, two § and 34 models. For 
particle size reduction, crushing, 
grinding, pulverizing, shredding, 
etc. 


2 © VERTICAL SUMP PUMPS. Four 
new vertical sump pumps are de- 
scribed in a recent bulletin of The 
Deming Co. Range of sizes from 
1 in. to 10 in. discharge, capacities 
from 10 to 3000 gals./min., and 
heads up to 140 ft. Electric motor or 
steam turbine drive. Bulletin gives 
details on sizes, construction, instal- 
lations, rating charts, etc. 


3 e VALVE CATALOG. A detailed 
description of the operation and 
performance of The Annin Co. 
valves, including the Domotor, elec- 
tro-pneumatic, handwheel, and com- 
bination valves. Excellent illustra- 
tions and text show valve designs, 
operating characteristics, installation 
flow flexibility, packing fea- 
tures, and assemblies for complex 
problems in the processing indus- 
tries. Available in alloy construc- 
tions. Domotor valve is pressure- 
operated, acts on a supply pressure 
of 25 to 50 Ibs./sq. in. 


4 @ METERS. Rockwell Manufactur- 
ing Co. with a new bulletin on the 
selection of meters for measuring 
chemicals, petroleum products and 
other liquids, with varying corrosive 
characteristics. Range in size from 
to 3 in. Bulletin gives 
characteristics, general specifications, 
counters reach seven figures. Cases 
are cast iron, bronze, and _ steel; 
chambers of bronze and ni-rest; pis- 
tons are bronze, ni-rest, aluminum, 
carbon, and rubber. Bulletin gives 
dimensions, details of flanges, acces- 
sories, strainers, remote registration 
unit. Table gives recommended ma- 


Mail card for more datap 


terials of construction for various 
corrosive chemicals. 


5 @ ROD MILLS. For fine crushing 
and grinding, Hardinge Co., Inc. 
new catalog on rod mills. Illus- 
trated, gives correct applications, 

neral design, explanation 
ing action for both wet and dry 
grinding, construction, as well as 
table of specifications for mills which 
range from 2-ft. diameter to 111,-ft. 
diameter. Bulletin covers conical, 
flanged-end, and convex-head types, 
both trunnion overflow and_peri- 
pheral discharge. 


6 e COOLING TOWERS. Natural 
draft cooling towers, their construc- 
tion, features, applications, etc., as 
practiced by The Fluor Corp., Ltd. 
Gives details of bowed-deck design, 
aerator panel design and gusset-ty 
construction. Final section of the 
bulletin contains technical detail on 
method of estimating tower size and 
description of three technical articles 
available from the company. 


7 @ SCHEDULE 5 STAINLESS. A set 
of data sheets from The Carpenter 
Steel Co., which explains details of 
stainless steel pipe having the same 
outside diameter as standard sched- 
ule 40, but having a larger inside 
diameter. Chart shows the difference 
in diameters as well as a comparison 
of cost per foot for standard new 


schedule 5. Pressure test results, and 
data table comparing the new sched- 
ules with the older for pressures, in- 
ternal cross-section, weight pounds 
per lineal ft., etc. 


8 @ DELAYED COKING. Lummus Co. 
has published a new brochure cov- 
ering the delayed coking process. 
Describes the Pan-Am Southern Co.'s 
El Dorado unit. Economics of cok- 
ing, flow chart, specifications of pe- 
troleum coke, operation of the unit 
(which has largest coke drums ever 
installed). Well illustrated. Shows 
method of removing coke, etc. 


9 @ LABORATORY BLENDER. A 4-page 
catalog bulletin describing the four- 
and eight-quart twin-shell labora- 
tory blenders made by The Patter- 
son-Kelley Co., Inc. Principle same 
as p-k production models. Blender 
V-shaped with materials added 
through the ends of each arm. Trans- 
parent plastic shells, resistant to 
corrosion. 


10 ¢ ANALOG COMPUTERS. A cata- 
log and manual on high speed, all 
clectronic analog computers for re-] 
search and design, from G. A. Phil-] 
brick Researches, Inc. Origin and? 
development of electronic analog 
computers applicability, mathema- 
tics, instruction, are all explained, as 
well as components that make the 
computation. For the enginecring 


Cards valid for only six months after date of issue 


Chemical Engineering Progress Data Servi 


I would like to obtain more information on the items 
represented by the numbers I have circled. 


17 18 19 20 25 26 27 
36 377 38 39 40 45 «46 


32 3 35 
47 48 49 5O 51 52 


PLEASE TYPE OR PRINT 


* 
| 


group that has difficult mathematical 
problems. Explains the adding, inte- 
grating, differentiating, squaring, 
square root, etc., components. As- 
semblies, constructions, plus operat- 
ing and philosophical instructions 
all included in this complete dis- 
cussion of analog computers for re- 
search and design. 


11 @ VISCOSITY PACKAGE. A packet 
complete and up to date with data 
on viscometers made by Brookfield 
Engineering Labs., plus information 
on the general subject of viscosity. 
Contains catalog, data sheet, price 
lists, plus a list of available reprints. 


12 @ CONTROLLED GRANULATION. 
For granulating chemical products, 
a bulletin of Allis‘Chalmers. In- 
cludes various types of roller mills 
for single or multiple-stage grinding, 
sifters for grading through coarse, 
medium, or fine meshes, flaking 
mills, double-drum dryers. Gives 
typical mill flow charts showing how 
a is lined up for specific 


job. 


14 @ LIQUID-PROCESSING EQUIP- 
MENT. Catalog describes entire line 
of stainless steel filters, mixers, tanks, 
and pumps of Alsop Engineering 
Corp. Sealed-Disc Shers are illus- 
trated with a sample of asbestos filter 
discs. Equipment is illustrated. Per- 
formances, dimensions, construc- 
tions, capacities, etc. 


15 DENSITROL. For continuous 
measurement and control of liquid 
density, a Precision Thermometer & 
Instrument Co. bulletin on Densi- 
trol. Instrument uses a chain-weight- 
ed plummet as indicating element. 
Position can be determined by an 
electrical position-measuring system 
which, in turn, can indicate, record, 
and control liquid density. Bulletin 
gives performance characteristics, 
shows the standard pilot plant 
model, pipe-line model, and direct 
indicating model. Gives materials of 
construction, pressures, tempera- 
tures, etc., of use. 


16 @ PLASTIC PREFORMER. Advan- 
tages of preforming plastics and con- 
ditions under which preforming is 
desirable in a brochure of F. J. 
Stokes Machine Co. Bulletin is tech- 
nical, covers the properties of pre- 
forms, methods of preforming, 
punches and dies, description of pre- 
forming presses. Shows relationship 
between screen analysis of material 
and pill weight, between pressure 
and density of general purpose phe- 
nolic material, and between preform 
hardness of material and tempera- 
ture. 


17 @ REFRACTORIES AND INSULA- 
TIONS. For the engineer with a 
problem in heat insulation or refrac- 
tory cements, catalog from Refrac- 
tory & Insulation Corp. should be of 
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help. Covers refractory cements, how 
used, properties, casting techniques 
for services at high temperatures. 
Data on physical properties, workin 
qualities, shipping weights. Secon 

section covers plastic fire brick, in- 
sulating blocks, general wool insula- 
tion, etc. Prices, considerable data 
on the use such as steam plants, coke- 
oven plants, dryers, furnaces, etc. 


18 @ RECIPROCATING PUMP. A bulle- 
tin from The Aldrich Pump Co. on 
a 3-in. stroke triplex direct flow 
pump. Works at 50 hp. and pres- 
sures up to 3000 Ibs./sq.in. Applica- 
tion to all fields handling lean oil, 
butane, propane, crude and gather- 
ing lines, salt water disposal, and in 
general industry for die-casting, plas- 
tic-molding, synthetic processing in- 
volving high pressures, etc. Hydrau- 
lic medium can be water, or hy- 
draulic oil. Can be fitted to operate 
automatically with oil accumulators. 


19 @ AIR CONTROL VALVE. An illus- 
trated bulletin, describing valves 
available from Ross Operating Valve 
Co. Hundreds of standard models 
including straightway, three-way, 
four-way, etc. Units in various sizes 
for hand, foot, solenoid, pilot, re- 
mote control, cam, speed control, 
shut-off, quick exhaust, etc. 


20 @ VERTICAL TURBO DRYER. Units 
for drying, sublimation, oxidation, 
and cooling of fragile or heat-sensi- 
tive materials, in brochure of Wyss- 
mont Co. Vertical type, has continu- 
ous transfer of material, fans circu- 
late air over a series of rotating, hori- 
zontal annular shelves. Discussion of 
materials, temperatures, applications 
and construction. 


EQUIPMENT 


25 @ VARIABLE DRIVE. A new, larger, 
S -Trol electric power drive has 
been added by Sterling Electric Mo- 
tors, Inc., in its standard line. The 
unit has positive adjustment of pul- 
leys, infinite speed variation, and 
accurate control of speed under 
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varying loads. Available in splash- 
proof and totally enclosed fan-cooled 
models. Can be supplied with man- 
ual control, electric, or mechanical 
remote control. 


26 e UNIT DUST CONTROLLER. For 
controlling plant dust at isolated 
spots or at points far from central 
dust control systems, The Day Co.'s 
new unit dust controller. Incor- 
porates Dual-Clone dust separator 
and exhauster. Operates at 6-in. ex- 
ternal static pressure. Available in 
four sizes, from 500 to 2000 cu.ft./ 
min., with or without secondary 
filters. 


27 © AIR FILTER. Cambridge 

is now producing in quantity, an air 
filter originally developed for the 
Atomic Energy Commission and 
capable of removing better than 
99.98% of all dust, smoke, fumes, 
radioactive particles, and spores. Fil- 
ter is in two sizes with rated capaci- 
ties of 500 and 850 cu. ft. of air/min. 
Dimensions of the filters are 24 x 
24 x 57% in. deep for the 500 cu.ft./ 
min. size and 111% in. deep for the 
850-cu. ft. size. Static pressure of the 
filter when new is less than | in. 
of water. Individual units may be 
arranged in multiple banks in ven- 
tilating or air-conditioning units. 


28 e PLASCOR. For laboratories, pi- 
lot plants, offices, chemical plants, 
etc., the U. S. Stoneware Co. has de- 
veloped a floor tile made from Ty- 
gon plastic and _ resin-impregnated 
cork. Bulletin gives details of con- 
struction, sizes, colors, application, 
etc. Possesses the resistance of Tygon 
against corrosives, greases, alcohols, 
etc. 


29 @ HEAVY DUTY MIXER. For proc- 
essing and blending viscous com- 
pounds such as plastics, heavy chemi- 
cal solutions, L. O. Koven & Brother, 
Inc., are producing a new, heavy 
duty mixer, 36 in. in diameter, 
steam-jacketed. Has an 18-in. diam- 
eter turbine-type propeller which 
drives at approximately 125 rev./ 
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min. with a 2-hp. motor. Outlet valve 
at the bottom of the tank, thermo- 
well, and baffles are built into the 
tank. 


30 @ CALIBRATED DIAL. For use 
with Leslie Co, temperature r 
lators, a new, calibrated dial for 
quick temperature settings. Dial fits 
in place of a stand adjusting 
sleeve and is easily installed on 
class T and class M regulators al- 
ready in service. 


31 @ PLATFORM BEAM SCALE. For 
fast, low-cost industrial weighing a 
plications, The Yale & Towne M g- 
Co.’s new platform beam scale. De- 
signed primarily for heavy duty in- 
dustrial applications where shock- 
loading is rule. Lever system is 
all steel as are other key parts. Poises 
on main bar are mounted on roller 
bearings and end-loading platform 
gives the same reading regardless of 
the location of load. Pit require- 
ments are only 11 in., built-in capaci- 
ties up to 6400 Ibs. 


32 @ FIRE EXTINGUISHER. A 4-lb. dry 
chemical extinguisher with rubber 
hose by the Ansul Chemical Co. Op- 
erating range 12 to 15 ft. and has a 
B2, C2 rating from the underwriters. 
Fully charged weighs 101% Ibs., hand- 
operated model has a self-closing noz- 
zle to make the unit watertight. 


33 AIRLOCK FEEDER. For process 
ing clay, diatomaceous earth, cal- 
cium carbonate, carbon black, salt, 
etc. Prater Pulverizer Co. has de- 
signed a new airlock feeder. For 
pneumatic-materials handling, the 
device will provide a positive meth- 
od of feeding powdered and granular 
products into air-conveying lines, 
seal off air leakage at the discharge 
of dust collectors, and feed material 
at a predetermined rate into mixers, 
blenders, and hoppers. Models 4 
and 1% hp. with a cast iron body 
and rotor. Sealed bearings. 


34 @ DELAYED ACTION RELAY. For 
use with diaphragm-control valves 
operating in series, Black, Sivalls & 
Bryson, Inc., are producing a new 
relay with a body and diaphragm 
case of cast bronze and stainless steel 
inner valve assembly with neoprene 
A spring of sufhcient 
power delays output port opening 
until loading pressure has been 
reached, and only loading pressures 
above the rmanent absorbed 
spring load will affect relayed ratios. 


35 @ TUBULAR HEATERS. For provid- 
ing a low density electric heat for 
oils, tars, resins, and other viscous 
fluids, Martin-Quaid Co.'s new line 
of tubular heaters. Design permits 
large input capacity without exceed- 
ing critical heat limitations of the 
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fluid, thus avoiding local overheat- 
ing, carbonization, etc. Bulletin 
available which gives information on 
selection and heat density for appli- 
cations. 


36 @ ELECTRIC BOWERS. Low-pres 
sure boilers in the 14 hp. range, 
with a maximum pressure range of 
15 and 50 Ibs./sq.in. using electric 
power, are newly designed units of 
Livingstone Engineering Co. New 
series boilers are 14 in. wide, 22 in. 
long, and 28 in. high and require 
15 kw. input for maximum steam 
output. Heat output of 50,000 
B.t.u./hr. Heat is generated by re- 
sistance of the boiler water to the 
flow of current between solid metal 
electrodes. Pressures are instantly 
adjustable. 


37 @ CATALYST VALVE CONTROL. 
Conoflow Corp. has made a special 
design of a Conorotomotor to — 
ate catalyst slide valves by throttling 
control service. Pneumatically driven 
and used for handling spent, regen- 
erated catalyst, back pressure control 
of flue gases, etc., on catalytic crack- 
ing units. The control operates 
through a gear drive and threaded 
stem. Permits positioning to within 
1 /500th of valve stroke. 


38 @ MINIATURE INDICATORS AND 
CONTROLS. For reducing space re- 
quirements on control panels, Bailey 
Meter Co. has developed a new line 
of miniature indicators and control 
anits under the trade name MINI- 
LINE. Space savings up to 87%. 
Company line of multipoint indi- 
<ators, selector valves, and remote 
manual relays. 


39 e HAND PUMP. Hand pumps in 
7, 10, 14, and 28-gals./min. capacity 
in several models are newly in pro- 
duction by Blackmer Pump Co. Used 
for pumps and skid tanks. Pumps 


have a drip-pen for barrel mounting, 
floor stand for underground tanks, 
brackets for wall or foot mounting, 
locking device. Larger models are 
geared hand pumps, the smaller be- 
ing direct drive. 


40 ¢ KNEADER-MIXER. A quick dump- 
ing heavy duty kneader and mixer 
is in production by Charles Ross & 
Son Co. The unit is double-bladed 
with different stirrers available for 
operation at the same or bo ae 
speeds. Dumping is accomplished by 
manual, hydtaulic, or tilt- 
ing. Jacketed for cooling or heating. 
Is available in a variety of sizes “P 
to 150 = For pilot plant use small, 
l-pt., I-qt., and 2-gal. models are 
available. 


CHEMICALS 


45 @ G.Jl. PAINT SPECS. For paint 
manufacturers and _ technologists, 
Rohm & Haas 3$2-page book of 16 
suggested formulations to meet U. S. 
Government paint specifications. 
Covers various enamels, primer, al- 
kyd resin solutions, protective inter- 
ior lacquers, formaldehyde baking 
enamels, zinc chromate primer, etc. 
Formulation is suggested for ball 
mill grind, mixes are given, plus 
the physical constants. 


46 « TALLOW CONCENTRATION 
CHART. American Mineral Spirits 
Co. has a tallow miscella concentra- 
tion chart covering mixtures of tal- 
low and commercial heptane. Of 
interest to processors in connection 
with design calculation, plant opera- 
tions and interpretation of operation 
data. Chart gives per cent tallow by 
weight for gravities at a 
range of temperatures in commercial 
heptane. 
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47 @ PHOSCOTE PROCESS. Chicago 
Bridge & Iron Co. describes its new 
phoscote process of pickling and 
plating steel plate, angles, channels, 
etc. ‘The process removes mill scale 
with sulfuric acid, plus wash and a 
phosphoric acid treatment. This 
provides a dry surface of iron phos- 
phate which improves the bond be- 
tween prime coat of paint and steel. 
Illustrated, shows process com- 
pletely. 


48 @ COMPRESSED GAS PRICES. A 
— listing of compressed gases 
rom the Ohio Chemical & Surgical 
Equipment Co. Covers 32 different 
gases, eight different cylinder sizes. 
Gives weight, cubic foot, and price. 
Tables show properties of gas. 


49 @ LINSEED GRINDING OjL. Archer- 
Daniels-Midland Co. in a new tech- 
nical bulletin describes two grinding 
oils developed for paint manufac- 
turers. Pure lin fortified with 
polymerized linseed. Bulletin gives 
characteristics and _ specifications, 
shows test panels prepared with the 
new oils, and gives various formulas 
for making paints to federal speci- 
fications, etc. 


50 @ ANTI-RUST PIGMENT. Lead 
cyanamide for use in the protection 
of anti-rust paints, is now available 
through Millmaster Chemical Corp. 
Used for years in Europe, company 
is distributing the cyanamid com- 
pound made in Germany. 


51 @ BUTYL STEARATE. A technical 
service report on butyl stearate 
which gives the physical properties, 
shipping information and uses. From 
the Witco Chemical Co, Used in the 
protective coating, plastics, textile, 
paper, ink, lubricating, cosmetic, 
etc., industries. 


52 e BRUSH AND WEED CONTROL. 
Complete data on methods and re- 


: sults in chemical brush and weed 


control as practiced by industrial 
and agricultural organizations. New 
operations manual from DuPont. 
Covers Ammate, 2,4,5-T, 2,4-D, and 
TCA. 


53 e SPONGE RUBBER BLOWING 
AGENT. For producing sponge rub- 
ber, Ansul Chemical Go. has intro- 
duced Ansul Blo a bicarbonate-type 
material, nontoxic, resistant to water 
absorption, uniform size. Equal to 
twice quantity of sodium bicarbide. 
Data sheet gives features, suggested 
formula for production of sponge 
rubber. 
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Baker Perkins unidor mixers 


are designed, built and preferred for the 


rapid processing of carbon electrodes and | 


pot linings for aluminum production either 


j 


Soderberg or Hall process. For complete 


confidential data write 


to Baker Perkins Inc. 
Chemical Machinery 


Div., Saginaw, Mich. 


BAKER PERKINS 
UNIDOR MIXER WITH CAST SIGMA 
BLADES CORED FOR STEAM. 
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A Shown here are the two large pilot 
plant columns for fractional liquid ex- 
traction, in the Hoffmann-La Roche 
chemical engineering laboratory. Motor 
drive for the smaller 16-in. column is 
shown supported on a separate platform 
abutting from the third mezzanine. 


Schematic diagram showing flow of 
feed and solvents through a Scheibel 
extractor. 


A typical all-glass two-column pilot 
plant extractor unit. The upper column 
has three stages, and the lower five, and 
arrangements are made so that the unit 
can be either used in series or indi- 
vidual v 


ly. 


SCHEIBEL EXTRACTORS IN 


PHARMACEUTICAL PRODUCTION 


- AST month at the Nutley (N.J.) 
plant of Hoffmann-La Roche an 
editorial inspection was held by officials 
of the company, to demonstrate the use 
of chemical engineering techniques and 
equipment in pharmaceutical manufac- 
turing. The use of the newer chemical 
engineering tools in the pharmaceutical 
field has shown a marked increase in the 
past ten years, officials of the company 
said. One of the newer tools featured 
and now being used extensively in pro- 
duction is the Scheibel extractor, devel- 
oped at the Hoffmann-La Roche chem- 
ical engineering laboratory by FE. G. 
Scheibel. This was reported for the first 
time anywhere, in Chemical Engineering 
Progress, September and October, 1948, 
Volume 44, and supplies an example of 
how modern chemical engineering tech- 
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niques are springing from theoretical 
development into full-scale plant use 
within a few years. 

The tower consists of a cylindrical 
shell with an internal roter shaft and 
knitted packing spaced at intervals. In 
the area between the packing, agitators 
mounted on the shaft, mix the solvents 
and feed. Agitators are belt-driven, and 
recoverables are removed from solvent 
either by subsequent distillation or 
processing in another extractor if the 
solvent carrier is not satisfactory for 
further production steps. 

Efficiencies of the unit continue as 
high or higher than was reported in 
the original articles, and the Hoffmann- 
La Roche plant makes use of a good 
dozen full-scale production units. Ma- 
terials of construction vary, depending 


upon the corrosive media used. In the 
Hoffmann-La Roche plant there are two 
18-in. diameter copper units, one steel 
shell with stainless steel packing, 12 in. 
in diameter, and several polythene units 
using various packings such as stainless 
steel, silver, etc. The polythene units 
are self-supporting with the exception 
of the top agitator motor drive, which 
is usually supported externally by over- 
head hanging brackets. In one of the 
columns processing a mixture of cor- 
rosive acids, silver packing is used. Fit- 
tings are used with polythene gaskets, 
all-glass sight sections, and saran piping. 
The polythene columns are heat-welded 
by a stream of hot nitrogen, and the 
columns are formed from flat sheets. 
Pipe fixtures are installed and heat- 
welded into place before the column is 
formed. All units are four-bladed agita- 
tors, rotated from 100 to 500 rev./min., 
the speed being determined by solvent 
properties. 


Production Comparisons 


The efficiencies of the Scheibel unit 
are high. One 18-in. diameter copper 
unit now takes the place of four 1,000- 
gal. batch extractors, plus an evaporator 
unit for concentration. The particular 
installation is removing, by means of 
selective solubilities, a desired compound 
from an aqueous mixture. In practice, 
100 gal./hr. of feed (containing 400 Ib. 
of desired component, 300 Ib. of un- 
wanted material) is processed in the 
column with 400 gal./hr. of solvent. The 
unit has seven operation stages, and is 
about 12 ft. tall. 

In the chemical engineering labora- 
tory there are several extractors of var- 
ious sizes and constructions, armored 
glass units serving well for development 
techniques. For pilot plant work, how- 
ever, two Monel columns illustrated here 
have been constructed, one 42 ft. high, 
14 in. in diameter, and having 30 extrac- 
tion stages, the other 21 ft. high, 16 in. 
in diameter, and having 12 extraction 
stages. The knitted wire which serves as 
separating steps between the agitator 
stages is also of Monel. In production 
use columns usually are used for a 
specific and continuing operation. 

However, in case it is desired to clean 
a column, either to use it for other pro- 
duction steps, or to remove accumulated 
dirt, the column is cleaned either by 
simple draining, and if excessive dirt 
is collected at the interface, the whole 
column can be flushed from bottom or 
top by flushing with an excess of solvent 
or by stopping the flow of one of solvent 
phases. 
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Here are 
15 TYPICAL APPLICATIONS for 


FIiN-FAN 
Heat Exchanger Equipment 


For many years, Fin-Fan Air-Cooled 
Heat Exchangers have proved their worth by 
giving reliable, economical service in many 


and varied applications. The Fluor Corpora- 
tion, Ltd., and Griscom-Russell Company, 
pioneer-partners in the air-cooled heat 
transfer field, offer the following to show the 
large variety of practical applications for 
air-cooled heat transfer equipment and 
examples of relative size and duty of such 
equipment. 


Natural Gos After Cooler 
Manufactured Gos Cooler 
Natural Gas After Cooler 
Notural Gas Inter-Cooler 


LIQUID COOLING 


A new 8-page bulletin on 
Fluor-GR Fin-Fan Heat Ex- 
changers is now being prepared. 


Why Fluor-GR Fin-Fans Lead The Field 


Write in and reserve your copy by 
post card or letter. 


FLUOR 


The Fin-Fan Air-Cooled Heat Ex- 
changer is unique in‘its de 

and manufacture. It is the result of the 
engineering skill of mvo companies, 
each long recognized as leaders in their 
respective fields. It combines Pluor's 
experience in the design, fabrication 
and field erection of air-moving sys- 


tems with Griscom-Russell's experi- 
ence in heat transfer. 


Success is evident in repeat orders. 
Since 1941, hundreds of Fluor-GR Air- 
Cooled Heat Exchangers have been in- 
stalled throughout the world... nearly 
50% have been repeat orders! 


BE SURE WITH FLUOR ENGINEERS CONSTRUCTORS MANUFACTURERS 


THE FLUOR CORPORATION, LTD., 2500S. Atlantic Bivd., Los Angeles 22, Calif., Offices in principal cities in the United States 
REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Lid., Teesdale House, Baltic Street, London, E.C.1., England 
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5 : Still O.H. Condenser 4,875,000 16’ x 21" 
Wes Debutonizer Condenser 11,930,000 23’ x 25° ‘ 
re VAPOR CONDENSING Still Reflux Condenser 39,110,000 x 25 
ere Steam Condenser 87,300,000 138’ x 31 
Amine Solution Cooler 19,300,000 38’ x 25 
Stabilized Crude Cooler 125,100,000 315 x 25° 
Jacket Water 2,400,000 16’ x 12° 
Jocket Water 28,800,000 70 x 24° 
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HEAT TRANSFER SYMPOS- 
IUM—ATLANTIC CITY, 
DEC. 2-5, 1951 


Division A of the A.I.Ch.E. Program 
Committee is organizing a symposium 
on heat transfer for the annual meeting 
in Atlantic City. Several outstanding 
papers on heat transfer are already on 
the horizon, and Prof. D. A. Katz and 
A. S. Foust of the department of chem- 
ical engineering, University of Michi- 
gan, Ann Arbor, Mich., who are plan- 
ning the symposium, would like to obtain 
a few additional papers. 

In addition to the program on heat 
transfer, the program committee is hope- 
ful that it can adopt a new procedure 
which would involve preprinting papers 
before the meeting and limiting the 
meeting to a discussion of the papers. 
Decision as to whether this new plan 
can be followed cannot be made defi- 
nitely at the moment and it is possible 
that the symposium will follow the usual 
pattern of paper presentations followed 
by brief discussions. In the new plan a 
five-minute review of the contents or 
salient points in a paper would be given 
to those in attendance, and this would 
be followed by the discussion. It is ex- 
pected that preprints of the papers will 
be available some three weeks prior to 
the meeting, and, of course, the papers 
would be available at the time of regis- 
tration at the meeting. 

Manuscripts for the symposium in 
Atlantic City on heat transfer must be 
in the hands of the Program Committee 
by Aug. 15. Two copies of the paper 
should be sent to Professor Katz or 
Professor Foust in Ann Arbor and three 
copies sent to the editor of Chemical 
Engineering Progress. A copy of the 
letter of transmittal should be sent to 
Frank J. Smith, chairman, Technical 
Program Committee, Atlantic City, at 
the Pan American Refining Corp., 122 
E. 42nd Street, New York 17. N. Y. 

Division A of the Program Commit- 
tee will review papers submitted and 
evaluate all papers before placing them 
on the program. In no case will a paper 
be accepted for the symposium if a 
manuscript is not available prior to 
Sept. 1. Minor revisions may be made 
in the manuscript as late as Oct. 1 in 
case the new plan of preparing preprints 
is followed. 


OFFICERS RESEARCH 
UNIT OF A\S.E.E. 


Three engineering research adminis- 
trators were elected officers of the re- 
search unit of the American Society for 
Engineering Education. The three who 
became officers of the Engineering 
College Research Council on July 1 are 
Morrough P. O’Brien, chairman of the 
department of engineering at the Uni- 
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versity of California, Berkeley, made 
vice-chairman of the Council; A. A. 
Jakkula, executive director of the Re 
search Foundation at Texas A & M 
ColMege, and Eric A. Walker, director 
of the Ordnance Research laboratory at 
Pennsylvania State College and execu 
tive secretary of the Research and De- 
velopment Board in Washington, both 
to be directors of the organization. 

These selections were announced at 
the annual dinner of the research group 
in the Union building of Michigan State 
College by Gerald A. Rosselot, director 
of the Engineering Experiment Station 
at Georgia Institute of Technology and 
chairman of the Engineering College 
Research Council. 


ALLOY STEELS NOW 
WORKABLE WHILE HOT 


The use of cerium to improve the 
hot workability of high alloy corrosion- 
resistant heat-resisting steels was an- 
nounced by the Carpenter Steel Com- 
pany. The invention which applies to 
ferrous alloys containing nickel and one 
or more of the elements chromium, 
molybdenum, cobalt, copper, tungsten, 
silicon, manganese, columbium and 
vanadium, now enables these alloys to 
be forged and rolled into sheets, rods 
and tubes. Heretofore, these alloys 
could be cast satisfactorily but hot work- 
ing would tear and crack the bars so 
that they were unusable. 

The Carpenter Steel Co. claims com- 
binations of cerium and lanthanum 
separately or in combination may be 
used within certain limits. The com- 
binations are found in misch metal, the 
major part of which consists of cerium 
and lanthanum. 


Shown above are the results of a 
cone test for hot forgeability. Test con- 
sists of casting a cone of the metal to 
be tested. Cone is heated to selected 
forging temperature and upset or ham- 
mered into a flat “pancake” as shown. 
Measure of forgeability is visual. Test 
can be used to determine the optimum 
amount of cerium to be used in a par- 
ticular grade of steel, and also to de- 
termine the best range of forging tem- 
peratures. The two pancakes shown are 
of the exact same analysis .. . exc 
that the one on the left, relatively free 
of cracks and tears, contains cerium. 
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ENGINEER SHORTAGE 
GRAVE—KILLIAN 


Warning of “the grave shortage of 
scientists and engineers which we face 
in this country at the present time,” 
Dr. James R. Killian, Jr., President of 
the Massachusetts Institute of Technol- 
ogy, told more than one thousand alumni 
at their annual dinner that this shortage 
will become still more acute in the next 
few years. 

“This shortage.” he said, “came 
about because of the unfortunate esti- 
mates given national distribution by the 
Bureau of Labor Statistics several years 
ago. These estimates at that time indi- 
cated that the country was faced with a 
surplus of engineers and the report had 
an obvious effect on the number of 


young men going into engineering 
schools. 

“Last year,” Dr. Killian said, “the 
engineering schools of the country 


graduated about 50,000 voung engineers. 
This, of course, was an exceptionally 
high number, reflecting the wave of 
G.I.’s which had been going through 
the colleges. Based upon present enroll- 
ments, estimates have been made which 
indicate that in 1954 we will turn out 
of our engineering schools irom 12,000 
to 16,000 engineering students. This 
compares to an output from our engi- 
neering schools just before World War 
IT of some 20,000 engineers a year. 

“Because, therefore, of a decreased 
enrollment in the entering class this year 
and the prospect of a similarly small 
freshman class next year, we face the 
possibility of turning out fewer engi- 
neers than we educated before the war. 

The country’s demand for engi- 

neers is greatly in excess of what it was 
before the war. Estimates now place 
the annual demand around 30,000. 

“This year the total number of engi- 
neers graduating will be on the order 
of 38,000, but of this total industry can 
count on getting only about half. Ac- 
cording to a study recently made by the 
Engineering Manpower Commission of 
the Engineers Joint Council, industry 
will have a deficit of about 11.000 engi- 
neers this June. While industry will 
get talf of the number graduating this 
year, estimates indicate that they will 
get only one fourth their needs next 
year. Again this does not take into con- 
sideration the need for engineers and 
scientists on the part of military estab- 
lishments or other government opera- 
tions. 

“Our own experience points up these 
overall figures. 

“M.IL.T. could have placed this June 
three or four times as many graduates 
as we had available for jobs,” he said. 


(More News on page 28) 
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The dependability and long life of the Lapp Valve is _ ance of this material due to a glaze. 
due to its sound design, and to the fact that itis made _In fact the “working parts” have no 
of porcelain . . . body, plug and packing rings. Nota  giaze. The smooth operation and 
coating or enamel, porcelain is a dense, homogeneous, _ pressure-tight seal characteristic of 
thoroughly-vitrified ceramic, non-porous, through-and- Lapp Valves result from precision- 
through acid resisting. Not even is the corrosion-resist- tolerance machining... grinding and 
lapping of solid porcelain toa mirror- 
like smoothness. 

Valves and other equipment of 
Lapp Chemical Porcelain may be the 
answer to your corrosion problems. 
Write for literature. Lapp Insulator 
Company, Inc., Process Equipment 
Division, 412 Maple St., LeRoy, N.Y. 


PROCESS EQUIPMENT 
(CHEMICAL PORCELAIN VALVES * PIPE * RASCHIG RINGS 

PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


A Worthy Text for Teacher 
and Practician 


Fluid and Particle Mechanics. C. E. 
Lapple (assisted by G. E. Alves, O. P. 
Bergelin, D. . Boucher, H. L. 
Bunker, M. G. Kershaw, M. S. Male- 
son and R. D. Moore). Tend bound ) 
(1951) v + 353 pp. $6.00. 

Reviewed by J. M. Dalla Valle, Pro- 
fessor of Chemical Engineering, 
Georgia Institute of Technology, At- 
lanta, Ga. 


HIS text constitutes an important 

addition to the chemical engineering 
literature. Considering that it is a com- 
pilation of published papers and class- 
room material, nevertheless a surprising 
degree of continuity of subject matter is 
dealt with. Mr. Lapple states that 
the aim of the publication is “to pro- 
vide industrial and academic organiza- 
tions with a readily usable critical re 
view of recent developments in the field 
of Fluid and Particle Mechanics.” This 
objective is admirably achieved, not only 
as regards competent discussion of many 
specialized topics, but also by means of 
well-chosen examples demonstrating 
techniques of computation. 

There are 15 chapters in the text, 11 
on fluid mechanics and four on particle 
technology. Chapter 1 deals with mass, 
energy and momentum balance and sets 
forth the fundamental equations of fluid 
flow. This is followed by a brief out- 
line of turbulence theory applied to flow 
in pipes and across infinite plates. It 
is to be regretted in this connection that 
an indication of mass- and heat-transfer 
processes is not included, although this 
does not in any way diminish the value 
of the chapter. The next chapter 
(Chapter 3) on velocity head concept in 
pressure-drop theory is straightforward 
and contains practical information. 

The flow of compressible fluids is 
discussed in Chapter 4. Herein Pro- 
fessor Lapple has done an excellent job. 
The chapter is concise, yet comprehen- 
sive and rich in numerical examples. 

Ejectors have assumed an increasing 
degree of importance, yet there are few 
texts which deal adequately with the 
subject. Chapter 5, by four contributors, 
contains basic material and should be 
welcomed by the chemical engineering 
profession which has yet to utilize ejec- 
tors in many unit operations simply be- 
cause pertinent and readily accessible 
information regarding them has been 
lacking. This chapter helps to remedy 
the existing situation. 
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Chapter 6 on two-phase flow in pipes 
presents an up-to-date discussion of 
contributions by Martinelli, Bergelin 
and Gazely. This is a rich field for 
further research since the information 
available is limited and because there 
are so few cases in chemical engineering 
practice where single-phase flow alone is 
involved. Chapter 7 on non-Newtonian 
flow is informative, but is perhaps over- 
simplified and if anything too condensed. 
Rheological flow is a subject of consid- 
erable complexity and deserves fuller 
discussion than is given in the chapter. 
Nevertheless, the inclusion of the funda 
mental properties of rheological flow, 
does make the engineer aware of the 
importance of subject. 

The remaining chapters on fluid flow, 
Chapters 8-10 inclusive, are concerned 
with fluid metering, pipe-line design and 
pumps. This material is more or less 

f “handbook” type and leaves much to 
be desired. On the other hand, it does 
round out the objectives of the text and 
if omitted would leave a gap which 
many would criticize. Chapter 11 is on 
ventilation and includes all necessary 
design information. It is perhaps the 
best condensation of the subject the re- 
viewer has seen and is recommended 

The chapters on particle technology 
cover general aspects pertinent to the 
field of chemical engineering. The au- 
thors have succeeded in bringing to- 
gether a vast amount of useful informa- 
tion. Unfortunately, the omission of 
Professor Lapple’s important contribu- 
tion (with C. B. Shepherd) on particle 
dynamics is keenly felt. Chapter 14, on 
the collection of dust and mist, discusses 
the important types of commercial col- 
lectors used in industry and gives data 
on their applications and limitations. 

The last chapter, dealing with fluid- 
ized beds contains many important rela- 
tionships and represents the status of 
fluidization theory at this time. 

The subject matter is indexed. The 
reviewer considers the text well suited 
for teaching purposes. There are num- 
erous well-chosen examples at the end 
of each chapter, but over and above 
these, there is a need for a definitive 
work in fluid flow for chemical engi- 
neers. Professor Lapple and his asso- 
ciates have made a valuable contribution 
in this respect. The book is recom- 
mended to practicing chemical engi- 
neers. 
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Theory and Practical Details 
Advantageously Combined 


Chemical Engineering for Production 
Supervision. David E. Pierce (Second 
Edition), McGraw-Hill Book Co., 
New York, N. Y. (1950) 290 pp. $4.00. 
Reviewed by W. Hirschkind, Director 

of Research, Great Western Division, 

Dow Chemical Co., Pittsburg, Calif. 

A SECOND edition within eight 

years speaks well for any technical 
volume. 

The book is an excellent reference 
text for plant supervisors, foremen, and 
chief operators. Its study will result in 
a basic understanding of unit operations 
of chemical engineering by men without 
any formal technical education. The 
author has stressed description of opera- 
tions rather than design of process 
equipment, for which the book is in no 
way intended. It should be useful for 
a training program for operating per- 
sonnel. 

It is clearly written and contains con- 
siderable detail of a practical nature not 
usually found in the standard chemical 
engineering texts. 

The first two chapters, which. cover 
general principles and transformation 
of energy, are good reading for persons 
with little technical training. The dis- 
cussions are short and to the point and 
are amply illustrated by examples and 
problems. The following chapters deal- 
ing with unit operations are consider- 
ably more advanced, and would seem to 
require some technical background 
which most persons confronted with 
technical problems either have, or 
readily acquire. 

Generally, each chapter discusses the 
basic theory to some extent and then 
presents examples of equipment and of 
solving simple problems. A good bal- 
ance has been maintained between 
brevity and a more thorough but more 
complex coverage. 

This book, like its first edition, should 
find considerable usefulness in the field 
for which it is intended. 


Books Received 


Quantum Mechanics of Particles and 
Wave Fields. Arthur March. John 
Wiley & Sons, Inc., New York, N 
(1951) 292 pp. $5.50 


Preparation of 
Shir ohn 


David A. Wiley 
Sons, Inc., New fork, N. Y. lest 


328 pp. 


July, 1951 


} 
we: 
a 
‘ 
f 
| 
nat 
uy 
a4 
$6.00. 


KARBATE 


BRAND 


HEAT EXCHANGERS 


The “Karbate” impervious graphite heat 
exchangers illustrated are used extensively 
as boilers, coolers, condensers, vaporizers, 
evaporators, heaters and absorbers in 
handling corrosive chemicals, either hot 
or cold. They a// can be had in a complete 
size range. All of them offer the following 
advantages: 


Shell-and- Tube: Series 70A— 
sq. ft., and 24.6 

area respectively. 

the field. Interchangeable 
pass construction. 


Series 240A— 


"and shell connections, i 
and drain vent ugs integral 
ings. S 


to form Pan = cage for tube bundle. 
ie. Write for catalog sections for 


“Karbate” tube bundl 
$-6690, S-6715 for details of 
sizes and characteristics 


IMPERVIOUS GRAPHITE 
FOR ALL PURPOSES! 


@ Highest heat conductivity rate of the practical 
corrosion-resistant materials. 


@ Highly resistant to corrosion by 
acids or alkalis, hot or cold. 


@ Freedom from corrosion scale, 
as compared to metals. 
@ immune to thermal shock. 
@ No contamination of product. 
@ Strong and easy to install and maintain. 


solution depths of 16 inches 
or less. Write for catalog sec- 
tion 8-6750. 


70.6 feet of 
surface. 


adding or subtracting 
standard sections. 
specia 


PP 


, easy to put in. 
in pickling, etchi 


section $-6620. 


The term “Karbate™ is o registered trade - mork 
of Union Carbide ond Carbon Corporation 
NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 
District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


In Canede: Notional Carbon Limited 
Montreal, Toronto, Winnipeg 
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of these exchangers. 


Plate heaters: Used to heat 


supporting 
Wats 
for catalog section 
S-6780. 


Concentric Tube exchangers: Aveail- 
able in two types. Series 10A is 


ct, completely assem- 
Used 
ing, plat- 
as ' and cleaning tanks. 

Complete size range. Mod- 
els for horizontal and ver- 
tical mounting. Write for 
catalog 


manufactured with “Karbate” in- 
ner and outer piping , and is used 
to transfer heat tween two cor- 
rosive fluids, Both have sectional 
construction, can be added to or 
subtracted from at will. Sturdy, 
can be moved from plece to place 
after assembly, adapted to — 4 
method of mounting on floor, w: 

or ceiling. Write for catalog section 
$-6670 


A full line of ““Karbate” impervious 
graphite pipe and fittings 


for conveying corrosive chemicals includes: “Karbate” pumps 
of advanced design embodying impervious graphite case, 
impeller, and a rotary seal which eliminates the stuffing box. 
Pump prices reduced up to 33%. Write for catalog section 
$-7000 for pipe information, S-7200 for pump information. 
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— 
he. 
eed ‘ Style FH heat exchangers 
(Suze 144): Are especially 
oe recommended for tanks with 
a Two sizes, 16.4 
outside surface 
wa ily replaced in 
Je and double- 
| cooling jobs involving cor- = 
outside heat tr rosive gases and liquids. 
Easy tube replacement. Easily Complete cooler assembly 
§ converted on job to single, double, may be made quickly from 
ra ‘ or four-pass tube side flow by simple 4 standard items in 5 pipe - - A 
nee change of fixed covers. Steel, shell, over- sizes. Capacity easily en- as 
Impingement larged or reduced by 
with shell end cast- 
4 
\ or cool corrosive liquids in small, low-priced, gives true coun- 4 
tanks and vessels. Com- terflow. Exceptionally good for 
smal! flow rates at narrow temper- 
A ature differences Series 20A 
aii 
a 
} 
} 
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CANDIDATES FOR MEMBERSHIP IN A.1I.Ch.E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. which states: 

Election to membership shall be by vote of the Council upon recom 
mendation of the Committee on Admissions. The names of all applicants 
who have been approved as candidates by the Committee on Admissions, 
other than those of applicants for Student membership, shall be listed 


in an official publication of the Institute. If no objection is recei 
in writing by the Secretary within thirty days after the mailing date of 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


Orrin E. Andrus, Mil- 


D’Alelio, Pittsburgh, 
a. 
Paul F. Hoglund, LaPorte, 


waukee, Wis. 

Robert B. Bechmana, Pitts- 
burgh, Pa. 

Bernard |. Bell, Houston, 


Tex. 
J. A. Bitzer, Buffalo, N. Y 


Tex. 
William C. Ellis, Wilming- 
ton, 


W. H. Gauvin, Montreal, 


P.Q. 
Frank R. Garner, Beaver, 
P. 


a. 
Robert D. Good, Akron, 


Nevin G. Bradford, Nutley, 
N. J Ohio 
Edgar L. Green, Rochester, 


& A. Bretz, Jr., Copperhill, 


Lennex B. Henderson, 
Midland, Mich. 
Clark E. Cottrell, Jr., William A. Horne, Pitts- 


Frederick, Md. 


Pritchard 
HYDRYER*... 


... for Dependable Dehydration | 
of Air and other Gases 


Unexcelled for efficiency in drying air 
for instrument and process controls. 
Pritchard HYDRYERS are standard 
packaged units designed to reduce dew 
points of compressed air and other 
gases to minus (—) 40° F. Only service 
connections are required. Specially de- 
signed HYDRYER* units can be built 
to your requirements. 


Write for FREE Bulletin No. 16.0.080 
* Registered Trade Name 


age DIVISION 


aCo. 


Dept No 126 908 Grand Ave , Kansas City 6, Mo. 


District Offices: Chicago + Houston » New York 
Pittsburgh + Tulsa St. Louis 
Representatives in Principal Cities 


the publication, they may be declared elected by vote of Council. If an 
objection to the election of any candidate is received by the Secretary 
within the period specified, said objection shall be referred to the 
Committee on Admissions, which shall —— the cause for such 
objection, holding all ications i e, and make recom 
mendations to the Council regarding the candidate. 


Objections to the election of any of these candidates 
from Active Members will receive careful consideration 
if received before August 15, 1951, at the Office of the 
Secretary, American Institute of Chemical Engineers, 120 
East 41st St.. New York 17, N. Y. 


Robert E. James, Balti- 
more, 
M A 


Robert K. Davis, Lansdale, 
John D. John ve 


N. J. 

Robert J. pane, And- 
over, 

George Johnston, 
Baton Rouge, La. 

Max J Gib 


Pa. 
coe K. Knight, Starke, 
R. — Lindsay, Midland, 


R. H. McKane, Charleston, 
W. Va. 
Meriage, St. Louis, 


J. W. Morris, Rockville, 
Ind. 


Robert M. Neel, 
So. Charleston, W. Va. 
C. G. Pitner, Baltimore, 


id. 

A. M. yom College Sta- 
tion, 

Alfred Powell, Pitts- 
burgh, Pa. 

Donald G. Reid, Idaho 
Falls, Idaho 

Charles A. Rowe, San Fran- 
cisco, Calif. 

Edward A. Schewe, Grand 
Haven, Mich. 

Shroff, New York, 


Carroll D. Jr., Belle 
Mead, 

Thomas M. Jr., 
Baton Rouge, La. 

Ralph B. Thompson, Bound 
Brook, N. J. 

> K. Tippey, Nitro, 


Donald Vierling, 
Pittsburgh, Pa. 

Harvey W. wm 
omerville, N. J. 


R. E. Wingard, Auburn, 
Ala. 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


William Charney, New 
York, N. Y. 


Edmund S. Rosskowski, 
Flashing, N. Y. 
APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 
A. Beach, Linden, 


J. Boyle, Somer- 
ville, N. J. 

F. W. Braun, Jr., 
Wash. 


Richland, 


~ “Jen Rich- 


Jobn H. Il, Borger, 
Tex. 

John W. Dallmeyer, Jr., 
Columbus, Ohio 

Italo V. DeChellis, Wash- 
ington, D. C. 

Frederick W. DeVries, 
New York, N. Y. 

Rudolph Dubois, Jr., 
Brooklyn, N. Y. 

I. R. Dunlap, Jr., Dallas, 


Tex. 
G. Harvey Dunn, Jr., Tulsa, 
Okla. 


Eagleton, New York, 


Edward A. Easton, 
Berkeley, Calif. 

Robert W. Edwards, Jr., 
Wilmington, Del. 

Norman Epstein, New 
York, N. Y. 

William M. Fisher, Jr., 
W. Lafayette, Ind. 

Frederick Fluegge, 
Chicago, 

Donald P. Foudrait, Jr., 
Chicago, Ill. 

Michael Furey, 
Olean, N. Y. 

John J. Giachetto, Cin- 


City, Okla. 
John E. Gence Ill, Baton 
Rouge, 


(Continued on page 34) 
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Brown Electric Flow Meter incorporates .. > 


AT LEFT... cut-a-way view of characterized 
bell transmitter unit. ABOVE...diagrammatic 
drawing of electronic integrator mechanism. 


- 


Here’s another important advance- 
ment for power and process instrumen- 
tation...continuous flow measurement, 
with electronic integration! 

This Honeywell development eliminates 
intermittent measurement and slow, 
complicated totalizing ...welcome news 
to process engineers and accountants. 


The electronic integrator, consisting of 
but three major parts, simplifies acces- 
sibility and maintenance . . . permits 


quick checking and calibration. Scan- 
ning is rapid and extremely simple. The 
corrosion resistant meter body is of 
tubular construction, reducing weight 


and bulk. Electrical transmission per- 
mits remote, continuous recording of 
flow...and flow is easily totalized under 
all conditions. The characterized bell is 
corrosion resistant, too, and is specially 
designed to eliminate tilting. 

Call in our local engineering represen- 


tative for a discussion of your appli- 
cation. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4427 Wayne 
Ave., Philadelphia 44, Pa. 


EVENLY-DIVIDED CHART... provides 
easy readability forall rates of flow. 
Write for new Bulletin No. 293-1. 


APOLIS 


Honeywell 
“Brow 
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- 
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With This NEW Improvement 
Niagara “No-Frost Method” 
puts you a big step ahead 

in trouble-free, automatic 
refrigeration or freezing 


Niagara “No-Frost Method” keeps frost and ice COMPLETELY 
OUT of your cooling, chilling, freezing or cold storage. 

It uses Niagara No-Frost Liquid Spray to keep frost and ice from 
ever forming. It gives you, automatically, refrigeration with no 
defrosting, and full capacity NEVER cut down by ice building up 
progressively on refrigeration coils. 

Now, a NEW design No-Frost Liquid concentrator, using a new 
principle, takes away moisture as fast as it is condensed by evaporating 
it at low temperature — not boiling it away at high temperature. It has 
14 times the capacity of the old method per dollar of investment — 
one concentrator will handle a battery of high capacity spray coolers. 

This gives you more refrigeration at lower cost; less machinery in 
less space. You operate at high suction pressure, saving power and 
wear and tear on compressors. 

The extra capacity and lower cost both for equipment and operating 
makes this method advantageous for every type of refrigeration use 
— both for freezing and for moderate temperatures —for large “live” 
loads as in meat chilling or in fruit and vegetable pre-cooling — for 
rooms that are filled and emptied of product daily, such as milk 
~~rooms and terminal storage warehouses. 

" You get true trouble-free refrigeration . . . No brine ... no salt 
solution ... no dirt... no mess... It is entirely clean; you get rid 
of dirt and odors. You reduce both equipment and operating costs. 

For complete information write to the Niagara Blower Company, 
Dept. EP 405 Lexington Avenue, New York 17, New York. 


L 


4 
CONDENSER COMPRESSOR CONCENTRATOR NO-FROST SPRAY COOLER 


A simple method, easily maintained. Saves a third of your 
refrigeration cost. Ask for Niagara Bulletins 118 and 119. 
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(News continued from page 22) 


SULFUR SHORTAGE DUE 
TO FOREIGN LAG 


U. S. production of sulfur is more 
than ample to meet all of the needs of 
American industry, but the demands of 
our allies for this strategic mineral are 
causing a serious shortage, according 


| to Langbourne M. Williams, Jr., presi- 


dent of Freeport Sulphur Company. 
“Our production of this basic raw 
material is two and a half times prewar 
levels,” he stated. “We are doing every- 
thing we can to boost output still 
further, but a continuing shortage is in- 
evitable as long as we are called upon 


| to fill the global demands that are being 


made upon us.” 
Brimstone from the salt dome de- 


| posits of the Gulf Coast, the major U. S. 


form, accounts for nearly half the world 


| output. Other forms are pyrites, sour 


natural gas, petroleum refinery gas, 
smelter gas and gypsum. World produc- 
tion from all sources in 1950 contained 
an estimated 11,700,000 tons of sulfur. 

A number of new projects are under 
way in the United States, Mr. Williams 
explained, but such additional produc- 
tion as may be achieved will not solve 


| the shortage unless other countries rely 


much more heavily upon the alternate 


| sulfur sources. 


“The cost of obtaining sulfur trom these 
other sources, however, is considerably 
higher than the cost of brimstone,” he said. 
“Our brimstone sells in the domestic mar- 
ket at $22 per ton—less than a penny per 
pound—compared with prices for foreign 


| sulfur ranging as high as $120 a ton 


“Because of the wide disparity in price, 


; and the fact that our brimstone not only is 
| cheap but is a better product, the world 


has preferred to save dollars by dipping 
into our resources,” he added. “Many of 


| these countries have access to supplies of 


sulfur in one form or another that are more 
than adequate for their needs. 
“Although in the past these served as 


| the historic source of sulfur for these coun- 
| tries, they are being utilized to a relatively 


slight extent because of their higher cost. 


| If these countries were to make full utiliza- 


tion of their reserves, it would not be 
necessary for them to make such unprece- 


| dented demands upon our own brimstone 


production. 

“An intensive effort is being made to 
boost our brimstone production. Three new 
mining plants are being constructed in 
Louisiana and Texas, but because of the 
unpredictable and highly speculative nature 
of sulfur mining, the amount they will add 
to production cannot be determined until 
after they are in actual operation. In addi- 
tion, 13 projects are under way to obtain 
sulfur from other sources. 

“On the other hand, production from 
some of the older brimstone mines is bound 
to decline. Therefore, unless some rich new 
deposit of brimstone is discovered, the long- 
term solution to the shortage must be 
achieved through further expansion of pro- 
duction from higher-cost sources of sulfur. 
Fortunately, the nation’s reserves of such 
sulfur are vast.” 
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The three new brimstone mines now 
being developed are Spindletop dome of 
Texas Gulf Sulphur Company near 
Beaumont, Texas, and Starks dome of 
Jefferson Lake Sulphur Company in 
Louisiana, both of which are expected 
to be in production this year, and the 
Bay Ste. Elaine dome of Freeport 
scheduled to begin operation near the 
end of 1952. 

The Bay Ste. Elaine project, lying 
near the Louisiana coast, is an amphib- 
ious operation. The entire plant, capable 
of supplying nearly 2,000,000 gallons of 
superheated water a day to melt the 
sulfur, will be built on barges at Grande 
Ecaille, 75 miles distant by water from 
the dome, floated to the mine site and 
sunk in place. Because the land over 
the dome is unstable—two thirds of the 
area is under water—the molten sulfur 
will have to be transported in special 
barges to the company’s storage facili- 
ties at Port Sulphur. 

In addition to the Bay Ste. Elaine 
project, Freeport is actively pursuing a 
long-range prospecting program, Mr. 
Williams said. An exploratory drilling 
program is now in progress at domes 
in Louisiana and Texas. 


LECTURES TO HONOR 
McCORMACK-FREUD 


An annual lectureship to honor the 
first first two men to head departments 
of chemistry and chemical engineering 
at Illinois Institute of Technology, Chi- 
cago, recently established by 
Omicron chapter of Phi Lambda Up- 
silon, honorary chemical society. The 
men honored are Professor Emeritus 
Harry McCormack and Benjamin B. 
Freud. The first McCormack-Freud 
honorary lecture, entitled “Development 
of Chemistry and Chemical Engineering 
at Illinois Institute of Technology,” was 
delivered April 25. 

Professor McCormack was professor 
of chemical engineering at the Institute 
from 1907 to 1946 and was a consulting 
chemical engineer. Dr. Freud taught 
chemistry at the college from 1904 to 
1949 and was chairman of the chemistry 
department from 1937 to 1947. 


NYLON FOR JAPAN 


Toyo Rayon Company, Ltd. of 
Tokyo, has been licensed to manufacture 
nylon in Japan under patents of E. I. 
du Pont de Nemours & Company, it was 
announced early in June. The agree- 
ment with the Toyo firm has been ap- 
proved by the Japanese government and 
the Supreme Commander of Allied 
Powers. 

Toyo Rayon, which is manufacturing 
nylon on a modest scale at present, has 
plans for extensive operations under the 
agreement. Nylon is being produced by 
Toyo under the trade-mark Amilan. 
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wide-awake process 


DOWTHERM 


the MODERN heat transfer medium 


Process men in countless industries appreciate 
DOWTHERM™ for its simplicity of operation! 


DowTHERM is convenient—saves time, materials 


| and equipment. And maintenance is a minor 
| factor in DOWTHERM systems. A single vaporizer 


can be used simultaneously for several different 
temperatures merely by throttling the vapor at 
each heating application. 

Where your operations require accurate low- 
pressure heating in the 300-750° F. range, use 
DOWTHERM. Clip coupon for complete information 


| about DOWTHERM and its application. 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


THE DOW CHEMICAL COMPANY 
DEPT. DO-14 
MIDLAND. “Tell me more obout DOWTHERM.” 
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ou're looking at a polished section cut from a Dura- 
spun Centrifugal Casting...a casting with 12-14% 
chromium. It tells better than words of the high quality 
of Duraspun Centrifugal Castings. 


You get a fine, dense, uniform grain structure. Possible 
air pockets and blow holes are eliminated. Tensile 
strength is higher than with static castings. 


Order Duraspun if you need pipe or tubing. Sizes run up 
to 15 feet in length; up to 32 inches OD; and down to ‘ 
inch wall thickness. Odd shaped pieces can be produced 
providing a circular hole passes uniformly down the 
center. These, of course, require specially designed 
casting forms. 


If, before ordering or asking us to quote, you would 
like to know more about our work and facilities, send 
for our Catalog 3150. 


THE UU MALU COMPANY 


_Officeand Plant: Pa.- Eastern Office: 12 East 41st Street, New York 17, 


METAL GOODS CORP Dallas + Denver * Houston * Kansas City + New Orleans + St. Louis + Tulsa 
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DEVELOPMENT PROGRAM 
ANNOUNCED BY JU. D. & C. 


An inter-industry cooperation pro- 
gram aimed at furthering chemical 
product research and development was - 
announced last month by the United 
Dye & Chemical Corp. The aim of the 
program will be to offer the facilities 
and experience of the company to those 
who have chemical problems or who 
need assistance in the development of 
practical chemical ideas. 

In presenting the new program, David 
S. Fischman, president of United Dye 
& Chemical, stated, “We believe there 
are many individuals and small com- 
panies who have practical chemical 
products and processes but lack the re- 
search equipment, the concentration of 
technical personnel, and the ‘know-how’ 
to develop their ideas to commercial 
status. We have the laboratories, the 
research equipment, and the testing 
equipment that these firms and indi- 
viduals need. We have the technical 
personnel and 153 years in the chemical 
industry. 

The company ‘has set up a Research 
and Development Service, and this 
group will evaluate the ideas brought to 
its attention. Development will be on 
a mutual basis. 

United Dye & Chemical has a long 
experience in the organic chemistry 
field, Mr. Fischman pointed out, particu- 


| larly in vegetable and synthetic dyes and 


pigments. Plants operated by the com- 
pany’s subsidiaries are located in Belle- 
ville, N. J., and Chester, Pa. in the 
United States and in Great Britain, 
France, British West Indies, Corsica, 
Italy, Belgium and Haiti. 


MORE NITROGEN 
FOR SOLVAY 


Plans to expand synthetic nitrogen 
capacity by 100,000 tons per year, to- 
gether with conversion to natural gas 
from coke as a source of hydrogen, at a 
total cost of more than $25,000,000, were 
announced last month by The Solvay 
Process Division, Allied Chemical & 
Dye Corp., New York, N. Y. The ex- 
pansion will take place during the next 
two years at Solvay’s Hopewell (Va.) 


| and South Point (Ohio) nitrogen plants. 


The Hopewell plant was built in 1928 
and is the largest of its kind in the 


| United States. The South Point plant 


was built and operated by Solvay for 
the Government during World War II 
and was purchased by the company in 
1946. Since 1946, the aggregate annual 
capacity of the Hopewell and South 
Point plants has been expanded by 


| 80,000 tons of nitrogen to supply the 
| increasing needs for nitrogen products. 


(More News on page 32) 
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IMPORTANT 
FOR 
DRUGS... 


TIVE FOR NATIONAL DEFE 


IMPERA 
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SPARKLER 


laboratory and pilot 
plant uses to heavy duty 
production line opera- 
tion Sparkler has filters to 

fit the job. 
For large installations 
where uninterrupted service 
of volume filtering is required, 
Sparkler filters are frequently 
engineered to operate in bat- 
teries; some production line in- 
stallations have as many as twenty 
or more Sparkler filters operating 
together. Sparkler filters are made 
in a complete range of metals, stainless steel, mild steel, rubber lined, 

etc., steam jacketed and brine jacketed. 


STANDARD MODELS ARE AVAILABLE MADE 

WITH THESE MECHANICAL SPECIFICATIONS: 
Plate diameter sizes 8”, 132", 18, 33” 
Filter area in one filter unit 1 sq. ft. to 200 sq. ft. 
Cake space capacity 1 Ib. to 300 Ibs. of filter aid. 


Flow rates from 10 G. P. H. to 48000 G. P. H. in 
one unit depending on viscosity of liquor. 


For personal service and engineering consultation on your 
particular filtering problem, write Mr. Eric Anderson. 


SPARKLER MANUFACTURING COMPANY 
MUNDELEIN, ILL. 
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(News continued from page 30) 


Robert C. Swain, vice-president in 

charge of research and development, 

American Cyana- 

mid Co., was re- 

cently elected hon- 

orary chairman, 

American Section, 

Society of Chem- 

ical Industry, for 

1951-52. Dr. Swain 

joined the research 

staff of American 

Cyanamid Co. in 

1934 and advanced 

by stages to become vice-president in 

1946. He is also a director of the Jef- 

ferson Chemical Co. He was educated 

at Leland Stanford University and re- 

ceived the Ph.D. degree from the Uni- 
versity of Berlin in 1932. 


RECORD OF SAFETY 
BY CHEMICAL PLANTS 


Chemical plants are among the safest 


| places in the country in which to work, 
according to figures released recently by 


the Manufacturing Chemists’ Associa- 
tion, Inc. 

A record low of 4.56 injuries per 
million man-hours worked was achieved 
in 1950 by the Association’s member 
companies, which account for about 90% 
of total U. S. chemical production. 

“This accident rate is less than half 
the national average,” Dr. A. G. Cranch, 
chairman of the Association’s safety 
committee said, “and lower than that of 
any other industry except communica- 
tions.” 

Chemical injury rates have been sub- 
stantially below the average for all in- 
dustry for many years, according to 
Dr. Cranch, “but chemical plants have 


| made especially notable progress in re- 
| ducing industrial injuries since 1946.” 


The average rate for the Association’s 
member companies has dropped 40% 
during the past five years. Dr. Cranch 
attributes this record to improved safety 
measures adopted in the industry and to 
good cooperation by employees in ob- 
serving safety rules and precautions. 

The collection and dissemination of 
statistics on chemical plant safety has 
been an activity of the Association’s 
general safety committee for a number 
of years. This committee is also actively 
engaged in keeping the industry in- 
formed of latest safety techniques. With 
the assistance of the Association’s 
medical advisory committee it has pre- 
pared 39 chemical safety data sheets. 
These are used by industry throughout 
the world as authentic sources of infor- 
mation on how to handle chemicals 
safely and what to do in the way of 
first aid and medical treatment in case 
of accident. 
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AMENDMENTS TO N. Y. 
REGISTRATION LAW 


The Professional Legislation Com- | 
mittee of the A.1.Ch.E., under the chair- | 
manship of John M. Weiss, reports that 


several significant amendments have 


been enacted to the Engineers Reg- | 


istration Law in New York State. These 


may be of interest to those who have | 


registered in the State or who are con- 
sidering registering. 

According to the chairman, an amend- 
ment has been made which enables the 


New York State Board to accept the | 


examinations passed by engineers in 
training in another state. This means 
they may be certified as engineers in 
training in New York State without 
re-examination. 

Mr. Weiss reports that this amend- 
ment also legalizes a practice of the 
New York State Board which accepted 
examinations passed in other states, as 
a basis for waiving all or part of the 
prescribed professional engineering ex- 
aminations in New York. 


A second feature is that the law re- | 
quiring licensed professional engineers | 


and land surveyors to register with the 
county clerk has been repealed. One 
effect of this repeal is that nonresident 
engineers licensed in New York State, 
may complete their registration now and 
be listed in the roster, without establish- 
ing an office address in New York State. 


The third point is that the fee for a | 


professional engineer's license has been 
reduced from $25 to $20 and the fee 
for renewal registration has been in- 
creased from $2.00 to $5.00. This re- 
newal is a biennial requirement. 


SULFUR EXTRACTION 
PLANT IN WEST TEXAS 


Phillips Chemical Co. will start con- 


struction of a large sulfur extraction 
plant in West Texas, according to an 
announcement made by K. S. Adams, 
chairman, and Paul Endacott, president, 
of both Phillips Chemical Co. and its 
parent, Phillips Petroleum Co. 

This plant is designed to extract from 
natural gas nearly a quarter of a million 


pounds of elemental sulfur per day and | 


will be located in the Permian Basin oil 
fields near Goldsmith. The output will 


be used by the company in connection | 


with its ammonium fertilizer plant at 


Adams Terminal near Houston. The | 


plant will manufacture sulfur from the 
hydrogen sulfide rich vent gas from resi- 
due gas-treating operations in the 
Goldsmith area. A variation of the 
Claus process will be used. 

The Ralph M. Parsons Construction 
Co. will erect the plant which will be 
completed in the first quarter of 1952. 
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The importance of mode-n pH 


equipment is widely recognized in many 


fields... from food processing to sewage 
treatment—mining and smelting to clectro- 
plating—textile manufacturing to sugar 
refining. But when considering pH equip- 
ment for your problems always remember 
“No pH meter is better than elec- 
trodes designed for use with iu!” 


Only Beckman provides sach a 
wide variety of versutile, accurate and do- 
pendable electrodes--2 type to meet virts- 
ally every industrial, research, laboratory . 
and medical requirement. This is your as- 
surance that, in Beckman pH equipment, 
you have maximum adaptability to widety- 
varying pH applications. 


PREE.. . a convenient 28-page 
catalog ilfustrating the com- 
plete line of Beckman clec- 
trodes and pH equipmeut is 
available from your authori 
zed Beckman Instrumcat 
dealer. Or write direct! 


SOUTH PASADENA 35. CALIF. 
Factory Service Braxches: Chicago - or’ Angeles 
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Virtually Unbreakable 


Where abrasive slurries of 
rough industrial service are 
Beckman has the 
answer with electrodes so 
cally-resistant to alkalies 
and acids they set entirely 
new dards of di tity! 


Extreme Temperatures 


Want to make measurements 
in solutions as cold as 20°C. 
below zero ...or as hot as 
130°C. above? Hot, cold or 
in-between, there's a Beck- 
man pH Electrode to do the 
job! 


Electrodes covering the full 
pH range permit accurate 
measurements even at ex- 
treme limits with negligible 
sodium ion error whether 


Unique Construction 
Beckman glass electrodes 
are factory-sealed, require no 
maintenance, feature pat- 
ented internal shielding, 
heat-resistant construction, 
integral leads and many 
other advantages! 
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CHEMICAL ENGINEERS OF GREATER NEW YORK 
HONOR BLASE OF PFIZER 


Second from left is Ed- 
win W. Blase, Pfizer Co. 
chemical engineer, winner 
of the Achievement Award 
of the Chemical Engineers 
of Greater New York. 
With him are three mem- 
bers of the awards com- 
mittee, left to right, Joseph 
A. O'Connor, of Chemical 
Engineering; the  chair- 
man, William Trotter, of 
Celanese Corp., and Robert 
D. Burleson, of Merck and 
Co. The award, open only 
to chemical engineers 
under 32, was presented 
June 7. Mr. Blase is 27. 
He was cited as “sole in- 
ventor of the Q-process 


for the recovery of terramycin which expedited the early large-scale production of 


a life-saving drug.” Terramycin was first isolated by 


fizer researchers in the 


summer of 1949 and, by March, 1950, was available in quantity to the medical 


profession. 


CRITERIA OFFERED TO 
DRAFT BOARDS BY E. J. C. 


An Engineering Manpower Commis- 
sion Newsletter dated June 8, 1951, was 
mailed recently to the 3800-odd local 
draft boards throughout the country on 
“Industrial Internship— A National 
Necessity.” The purpose of this News- 
letter is to aid members of these draft 
boards in considering requests for de 
ferment based upon participation in in- 
dustrial training. It sets up four ques- 
tions which may be used as criteria for 
judging such deferment cases. These 
questions are as follows: 

1. Is the program restricted to graduat 

engineers, or the equivalent? 

Does it teach advanced fundamentals 
at the graduate level? 

Does it integrate the trainee into thx 
particular branch of essential industry 
so that he may make his maximum 
contribution to the national effort 

Is it well established in the organiza 
tion or is it an expedient adopted since 


li the answers to such questions are 
yes, then the individual engineer is a 
registrant whose case merits occupa- 
tional deferment in the national health, 
safety and interest. 

Members of the editorial committee 
of the Engineering Manpower Commis- 
sion of E.J.C. which provided the News- 
letter are: 


S. C. Hollister, chairman, dean of the 
college of engineering and vice-presi 
dent Cornell University, Ithaca, 


H. N. Muller, assistant to vice-presi- 
dent in charge of engineering, West- 
inghouse Electric Corp., East Pitts- 
burgh, Pa. 


M. H. Trytten, director, Office of 
Scientific Personnel, National Re- 
search Council, 2104 ane 
Avenue, Washington, D. 


Judging by reports from the draft 
boards reaction to this letter has been 


JOINT TITANIUM 
RESEARCH ANNOUNCED 


A joint research venture toward the 
development of processes for the pro- 
duction of titanium metal was announced 
by Charles Allen Thomas, president of 
Monsanto Chemical Co., and Richard S. 
Morse, president of National Research 
Corp., Cambridge, Mass. 

Work initiated by National Research 
Corp. will be greatly expanded under 
terms of the agreement, and additional 
work will be carried on at Monsanto's 
central research department at Dayton, 
Ohio. The project will be under the 
direction of Robert A. Stauffer, vice- 
president and technical director of 
National Research Corp., and N. N. T. 
Samaras, Monsanto's central research 
department director. 


PATENTS RELEASED BY 
A.E.C. FOR PUBLIC USE 


Descriptions of 26 patents owned by 
the U. S. Government and held by 
the Atomic Energy Commission have 
been transmitted to the U. S. Patent 
office. They will be registered and listed 
in the official register of patents. 

As part of its program to make non- 
secret technological information avail- 
able for industry’s use the Commission 
will grant nonexclusive, royalty-free 
licenses on the listed patents. A total of 
284 Commission-held patents and patent 
applications has now been released for 
licensing. 

Applicants for licenses should apply 
to the chief, patent branch, Office of the 
General Counsel, U. S. Atomic Energy 
Commission, Washington 25, D. C., 
identifying the subject matter by patent 
number and title. 


the latest national emergency ? 


favorable. 


(More 


News on page 36) 


William E. Green, Norwalk, 


Calif. 
Frank E. Guptill, Jr., 
Whittier, Calif. 
Robert J. Gustafson, 
Rochester, N. Y. 
William S. Haines, 
Webster Groves, Mo. 
Gardner L. Hayward, 
Boston, Mass. 
Joseph T. Hogan, New 
Orleans, La. 

R. Robert Hollibaugh, 
Bonner Springs, Kan. 
William G. Hudson, West- 

field, N. J. 
Isakoff, Baldwin, 


Y 
Louis Jablansky, New York, 
A 
Elmer D. Jones, Morris- 
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CANDIDATES FOR MEMBERSHIP 


(Continued from page 26) 


Klein, Chicago, 


Koenig, 
Webster Groves, Mo. 


Martin A. Kroesche, Hous- 


ton, Tex. 


Shiu Lee, Berkeley, 
Calif 


Arthur Lindroos, 
River Edge, N. J. 
James N. Malina, Pasa- 
dena, Calif. 
Robert V. Maresca, 
New York, N. Y. 
Julian B. McFarland, Jr., 
Edgewater Park, N. J. 
Hobart C. McGinnis, 
St. Albans, W. Va. 
James Donald Miller, 
Long Beach, Calif. 
Calvin Q. Morrison, 


Albany, Ore. 


Ralph H. Nielsen, Cor- 
vallis, Ore. 
vow Orr, Shreveport, 


Fred R. Pence, Wilming- 
ton, Del. 

Aloysius J. Polaneczky, 
Philadelphia, Pa. 

John A. Rauscher, Kirk- 


wood, Mo. 

William L. Richards, 
Fort Worth, Tex. 

James B. Robinson, Jr., 
Louisville, Ky. 

J. Ruland, Brooklyn, 


Joan A. Schilk, State 
College, Pa. 
William Schotte, 
New York, N. Y. 
Harold A. Schulte, Jr., 


it, Mich. 
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é Sidebotham, 
Drexel Hill, Pa. 
Sieber, Corning, 


John A. Tantillo, Wilming- 
ton, Del. 

Dalton T. Taylor, Winfield, 
Ww. 


. Va. 

Edward D. Thomas, Pitts- 
burgh, Pa. 

Myron G. Urdea, Dearborn, 
Mich. 

Hal P. Van Fossen, Rifle, 
Col. 


Gustave J. Weiss, 
New York, N. Y. 

William L. Welch, Penca 
City, Okla. 

Forrest S. Wilcox, Clifton 
Heights, Pa. 
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Precipitat 


Improved... 


Electrostatic precipitators for removing cor- 


rosive liquids and solid particles from industrial 
process gases give better and longer service, 
without maintenance, when Haste alloy 
wire is used for electrodes. The alloy has excellent 
mechanical strength (130,000 psi) and is not 
attacked by the corrosive agents. This combina- 
tion of properties makes it possible to use elec- 
trodes that are only 0.073 in. in diameter. The 
effective diameter of the lead-covered wire for- 
merly used in most units was more than 0.500 
inch. The smaller cross-section of the HasTELLoY 
alloy wire permits the use of higher voltages 


‘Hastelloy are trade-marks of Union Carbide ond Corbon Corporation. 
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“This view of the gas entry side of © precipitator 


WITH NICKEL-ALLOY 
ELECTRODES 


with a more uniform corona pattern. 

Hasrevvoy alloy C electrodes have been in- 
stalled in mist precipitators where hydrochloric, 
sulphuric, sulphurous, and mixed acids were 
present. A recent check on an installation in an 
acid plant showed that the alloy C wires expe- 
rienced no weight loss after a year’s operation. 
Lead-covered steel wires, on the other hand, 
lasted an average of 11 months with electrode 
failure at least once a week. 

For information on wrought forms of 
Hastexvoy alloy, write for the booklet, “Haynes 
Wrought Alloys Price List.” 


Haynes Stellite Company 


WCC) 
General Offices and Works, Kokomo, Indiana 


Sales Offices 
Chicege — Cleveland — Detroit — Houston 
Leos Angeles —New York —San Francisco— Tulse 
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The pumping of corrosive and/or abrasive liquids at 
high temperatures and pressures requires design techniques 
beyond the capabilities of most pump manufacturers. 
Lawrence engineers have specialized in this difficult field 
for over 80 years and can offer you the benefits of their 
broad experience. 


Typical of Lawrence advanced engineering is the process 


pump illustrated, made from corrosion-resistant metals with | 


packing box and bearing housing both water cooled. Note 
also the clean-cut appearance and accessibility of the princi- 
pal components. 

If you have a difficult pumping problem, write us the 
pertinent details. No obligation. 


LAWRENCE 


MACHINE & PUMP CORPORATION 
375 MARKET STREET, LAWRENCE, MASS. 
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PROCESS PUMPS tor Hanpuinc 


at HIGH TEMPERATURE and HIGH PRESSURE 


INTERNATIONAL MINERALS 
ACQUIRES INNIS, SPEIDEN 


International Minerals & Chemical 
Corp. will acquire the assets of Innis, 
Speiden & Co., manufacturers of potash 
compounds, as well as gums, waxes and 
insecticides. The action to acquire 
Innis, Speiden & Co. came last month 
when stockholders authorized the board 
of directors to increase the number of 
International Minerals & Chemical com- 
mon shares from 2 million to 2% mil- 
lion, and to issue an exchange of un- 
issued shares of common stock. 

Innis, Speiden & Co. was founded in 
1816, and now operates a manufacturing 
plant at Niagara Falls, N. Y., a refining 
and processing plant in Jersey City, 
N. J., and a warehouse in Chicago, Ill. 
F. Eberstadt & Co. acted as financial 
advisers to Innis, Speiden & Co. 


LIBERAL EDUCATION IN 
ENGINEERING OFFERED 


Twelve selected liberal arts colleges 
have entered into an agreement with 
Columbia University’s School of Engi- 
neering whereby the country’s need for 
more broadly trained engineers can be 
served. Under this plan, after the satis- 
factory completion of three years’ study 
of liberal arts at one of the cooperating 
colleges, the student can be automatically 
admitted to Columbia for two years of 
engineering study. Completion of the 
five-year program will result in appro- 
priate Bachelor's degrees from both 
Columbia and the liberal arts college. 
The five-year combined program for 
training engineers will begin operating 
in September with the entering classes 
of freshmen at the hberal arts college. 

The new five-year plan 
that the professional engineer, in addi- 


recognizes 


tion to being technically competent in 
his own field, should have a clear under 
standing of the relationship between his 
technology and the social, economic and 
political life of the nation. Under this 
plan, the student has a unique opportun- 
ity for finding himself, since during his 
liberal arts course, he can change his 
choice of career and the engineering 
is given the opportunity to con 
centrate its efforts upon giving an out- 
standing engineering education 
group of highly selected students. 


sche | 


to a 


THODE HEADS C.I. 


One of Canada’s outstanding nuclear 
chemists, Dr. H. G. Thode, M.B.E., of 
Hamilton, Ont., was elected President 
of The Chemical Institute of Canada 
for 1951-52. Dr. Thode is Principal of 
Hamilton College of McMaster Univer- 
sity and is also head of the University’s 
Department of Chemistry and Director 
of Research there. 
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SECRETARY’S REPORT 
S. L. TYLER 


HE Executive Committee met at the 

offices of the Institute on June 8, 
1951. The first items of business were 
approval of Minutes of the previous 
Executive Committee Meeting, Treas- 
urer’s report and bills for the month, 
All those applicants for membership 
whose names were listed in Chemical 
Engineering Progress, May, 1951, issue, 
were elected to the grades of member- 
ship as indicated. In addition to the 
above 51 applicants were elected to 
Student membership. 

J. W. Eldridge was appointed coun- 
selor of the student chapter at the Uni- 
versity of Virginia to succeed W. R. 
Winsbro, and Richard L. Ferm was ap- 
pointed counselor of the student chapter 
at the University of New Mexico to 
succeed H, G. Hoover. 

John H. Barnard, Jr., and Virgil R. 
Bonnette, Junior members, were added 
to the Suspense List because of their 
having entered the Armed Forces. 

The following changes were made in 
the personnel of the Local Sections Com 
mittee: appointment of E. A. Gastrock 
(New Orleans) replacing D. L. Stock 
bridge, E. C. Mirus (Western New 
York) and C. O. Buttrill (Sabine 
Area). Mrs. Mary Bailey was added to 
the Membership Committee representing 
the Detroit Section and J. W. Axelson 
was appointed to replace D. D. McLaren 
of the New Jersey Section. 

Nine resignations from membership 
were received and accepted. Four elec 
tions to Junior Membership were re 
scinded because of non-acceptance. 

The Finance Committee had discussed 
at some length the question of a proper 
financial surplus which the Institute 
should attempt to establish and it was 
recommended to the Executive Commit- 
tee that every effort be made to main 
tain a surplus equivalent to about one 
year’s operations as this would then in- 
sure continuity of operations for a rea- 
sonable period in time of difficulties. 


Publications Available from 
Secretary's Office 


Letter Symbols for Chemical Engineering 
($1.00) Accepted and published by the 
American Standards Association as Amer- 
ican Standard Z10.12—1946 


Chemical Engineering Problems (1946) 
($1.00) Contains a total of 469 problems in 
the following categories: Stoichiometry- 
Gas Mixtures, Thermochemistry, Combus- 
tion of Gaseous Fuels, Combustion of Li- 
quid Fuels, Combustion of Solid Fuels; 
Kinetics—Applied Chemical Kinetics ; Unit 
Operations—Fluid Flow, Heat Transfer, 
Evaporation, Distillation, Filtration, Hu- 
midity and Air Conditioning, Drying, Dif 


Vol. 47, No. 7 


i, 


4 J 
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READCD 
CHEMICAL READCO Mixers facilitate 


FILTER CAKE HANDLING 


Searching for a means of eliminating expensive, time consuming methods 
of handling tough, unmanageable filter cake, the manager of a large 
processing plant consulted Read Standard engineers. 


After thorough testing and analysis of his process, Readco Spiral Ribbon 
Mixers were recommended and installed. 


Filter cake, which was formerly scraped from the press ond laboriously 
shoveled into drums, is now dropped into mixers where it is quickly 
reduced to the proper consistency. 


The homogeneous, semi-liquid mass is now poured from Readco Mixers into 
drums ready for shipment, greatly reducing the length of processing 
time necessary. 


Read Standard's engineering specialists in the design and application 
of processing equipment are available to assist you in determining the 
proper equipment to fit your special needs. 


Read Standard manufactures a complete line of mixing, blending, sifting 
and material handling equipment. Read Stondord Corporation, Bokery- 
Chemical Division, York, Pennsylvania. 


ANOTHER SPECIAL PROCESSING PROBLEM SOLVED BY READ STANDARD 


FORMERLY Read Machinery Divi- 
sien of The Standard Stoker 
Compeny, inc. ONLY THE NAME 
HAS CHANGED. 


READ STANDARD 
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Gas 
Producing Co. 


FLORITE 


The recently completed gasoline plant of 
Southwest Gas Producing Company at Dubach, 
La., gathers wet gas from the surrounding area 
and employs new highly efficient methods for 
separating its ethane and propane components. 
Ninety million cubic feet of natural gas is handled 
daily, yielding a daily output of 230,000 gallons 
of liquefied hydrocarbons. The Fish Engineering 
Corporation of Houston designed and constructed 
this model plant. 

In the two towers at the right of our illustra- 
tion, wet gas is dehydrated with Florite and then 
passed to the three towers at the left for high. 
pressure absorption. 

Floridin Products, adapted to a wide range of 
advanced industrial and technical uses, include 
several specially prepared forms of ......- - 


FULLERS EARTH 


as well as two grades of Florite, which isa . . . . 
BAUXITE-BASED ADSORBENT 


Your inquiry will be given careful attention. 


FLORIDIN COMPANY 


Adsorbents... Desicceants ... Diluents 


220 LIBERTY ST. WARREN, PA. 
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SECRETARY'S REPORT 
(Continued from page 37) 
fusion, Absorption, Extraction, Crushing 
and Grinding, Size Separation, Washing 

and Decantation. 

Student Contest Problems and The Prise 
Winning Solutions (1932-1949) ($3.00) 
This volume contains the Contest Problems 
and the First Prize Winning Solutions since 
the inception of the Contest. In addition to 
the above, individual copies of the Problem 
and the First Prize Winning Solution for 
the years 1947, 1948 and 1949 are also 
available at $1.00 each. 

The Engineering Profession in Transi- 
tion (1946) ($50) This survey was pre- 
pared by a special survey committee of 
Engineers Joint Council’s Committee on the 
Economic Status of the Engineer. It con- 
tains data in graphical and tabular form on 
the distribution of trained engineers by 
fields, and by industries, and reports on 
median salaries based on years of experi- 
ence; 94 pages. 

Symposium on Relationship Between 
Pilot-Scale and Commercial Chemical 
Engineering Equipment—Preprint, White 
Sulphur Springs, W. Va., meeting (March 
11-14, 1951) ($2.50) Contains nine papers 
presented at White Sulphur Springs. 


IT’S BEEN PUBLISHED 


Every so often an item published in 
the past, comes to the editor's attention 
which has a bearing and an interest for 
the present. Through the lack of publi- 
city, these publications may not have 
come to the attention of members inter- 
ested in the particular sphere of engi- 
neering that they cover; therefore, we 
are including this news item in Chemical 
Engineering Progress as a reminder and 
perhaps a first notice to our members. 

In 1938, A. Dexter Hinckley, then 
assistant to the engineering dean of 
Columbia University and now  secre- 
tary of the Illuminating Engineering 
Society, prepared for the Committee for 
Professional Recognition of the 
E.C.P.D. a report on the study of the 
qualification procedures in the fields of 
accounting, architecture, law, and medi- 
cine. The purpose of this was to deter- 
mine and analyze the current methods of 
granting recognition to candidates in the 
several professions of law, medicine, 
architecture and accounting, and the 
study embraces all the United States, 
and where possible, the development of 
a process of accrediting candidates. 

A brief summary of this was reported 
at the time and has not come to the at- 
tention of too many of the engineers 
and it shows via a table, the size of the 
professional group according to the 
U. S. census of 1930, and the numbers 
ordinarily qualified for admission to 
professions. These statistical data might 
be outmoded at present but the practices 
are essentially the same and for 15 cents 
you can obtain a copy of this summary 
from E.C.P.D., 29 West 39th St., New 
York 18. 
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LOCAL SECTION! she valve 
SOUTHERN CALIFORNIA | 
The June 19 meeting was held at ' o olutionized flow control 
the Roger Young Auditorium Los e 
muric Acid... 


Products as featured guest speaker on | 
“Aromatics by Platforming.” 

This section held its monthly dinner 
meeting at Scully’s Cafe, in Los Angeles 
May 15. Some 85 guests and members 
were present to hear a discussion by | 
Willard Geer, assistant professor of 
physics, University of Southern Cali- 
fornia, on “Industrial Applications of 
Television.” Dr. Geer is noted for his 


development of one of the four methods 


of color television transmission and re 
ception. He presented the advantages DIAPHRAGM 
and disadvantages of each system to- 
gether with some of the uses so far 
developed and suggestions for future 
applications. 

The local section welcomed some 
Senior members to the meeting—J. G. 
Dean, consultant, who has been a mem- 
ber of A.L.Ch.E. since 1908 and Walter 
Schmidt, president and general man- | 
ager of Western Precipitation Corp., | 
who has been with the Institute since 
1915. 


HILLS-McCANNA 


Reported by Gale S. Peterson ic acid up to 66° Bé can now be valved without leak- 
i ing . . . with Hills-McCanna Diaphragm 

CHEMICAL ENGINEERS pped with the new L-1 plastic diaphragms. This 
CLUB ; Felopment combines the tried and proved Saunders Pat- 


esa ; clamp principle with a diaphragm of a special type of 
This Club visited the Hopewell plant 


of the Hercules Powder Co.'s Virginia 
cellulose department May 26. This was 
the second in the Club’s series of plant 


trips. The Club members also inspected | 
the department's chlorine plant and re- | 


search and control laboratories. 


Reported by Daniel Post | 


RHODE ISLAND SOCIETY OF 


at is particularly resistant to concentrated sulphuric acid. 


cCanna Diaphragm Valves with L-1 diaphragms are 
for temperatures up to 125° F. and pressures up to 100 
from %4” thru 4” are available, handwheel operated, 
ning (lever operated) and sliding stem models. Choice 
50 body materials or linings including cast iron, cast 
imet or glass lined. 


ure is available describing Hills-McCanna Valves with 
their use for acid and other services. Write for your 


CHEMICAL ENGINEERS 


The final meeting of the year was 
held May 23, 1951, at Johnson's Hum 
mocks Restaurant in Providence. The 
speaker was Raymond W. Jacoby, 
branch manager of the Providence office 
of the Ciba Co., who spoke on “Recent 
Developments in Textile Finishing.” 


lining the nature of your application. HILLS-McCANNA 
MeeENY, 2438 W. Nelson St., Chicago 18, Ill. 


illustrated in cut-a-way above is the Hills/McCanna 
00 semi-sealed bonnet acid valve with L-] plastic dia- 

- ; and tell-tale travel stop indicator. Valves of this type 

Sueeeeesiurnished where particularly rigid safety precautions 
taken. 


Officers for next year are: 

Chairman—Karl A. Holst, director of 
research, Rumford Chemical Co. 

Vice-chairman—Harold Graves, 
chairman, department chemical engi 


HILLS-MCCANNA CO. 
neering, University of Rhode Island 
Secretary-Treasarer—Robert W. Nel- 
son, American Reinforced Paper Co. 
Director—Herman B. Goldstein, man- 


ager, production and development, di h al 
Warwick Chemical Co. rige ap ragm Vv ves 


Saul Ricklin (retiring chairman) Also manufacturers of — Proportioning Pumps 
Reported by Warren L. Towle Force-Feed Lubricators e Magnesium Alloy Castings 
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PRESENT AND PAST OFFICERS OF CHARLESTON (W. VA.) SECTION 


In back row, left to right: 
M. C. Guthrie, past secre- 
Du Pont Co.; J. H. 
Howell, past treasurer, 
Carbide and Carbon Chem- 
icals Co.; S. Con- 
nolly, secretary, Carbide 
and Carbon Chemicals Co.., 
and D. J. Porter, chair- 
man, past chairman, West- 
vaco Chemical division. 

In front row, left to 
right: A. B. Stiles, past 
chairman, Du Pont Co.; 
R. E. Soden, treasurer, 
Monsanto Chemical Co., 
and R. Voorhees, vice- 
chairman, Carbide and 
Carbon Chemicals Co. 

Officers not present: 


J. E. Crawley, Jr., ae Du Pont Co., and C. C. Richiusa, past member- 


at-large, Monsanto Chemical Co. 
SABINE AREA 


This section recently concluded its 
first year as a local section of A.I.Ch.E. 
with a report of an active year which 
began in October, 1950. Subsequent 
meetings were held in November, 
February, 1951, April, 1951, and on 
May 25 at Beaumont, Tex., there was a 
social meeting. The speaker at that get 
together W. M. Casey addressed 58 
people on, “Is Freedom or 
International Peace our Objective ?” 


America’s 


The following officers have been 


elected for the year 1951-52: 


Chairman—Scott 
Corp. 

Chairman-elect 
Oil Corp. 

Secretary-Treasurer—D. J 
Texas Co 

Executive Committee—F. A. Beverly, 
Magnolia Petroleum Co.; J. C. Cov- 
ington, Parks, 


Reeburgh, Gulf 
W. H. Litchfield, Guli 


McCarthy, 


Du Pont Co.; D. T. 
Gulf Oil Corp. 

Retiring Chairman—Carroll O. 
trill, Magnolia Petroleum Co. 


Reported by W. J. Burich 


But- 


BUBBLE CAP 


This standard ref e contains complet 
specification information for over 200 
standard styles of bubble caps and risers. 
Also drawings for use in determining 

thods of tray bly. All styles list- 


SEND FOR PSC 


BULLETIN 21 


Largest Compilation of Engineering Data. 
Lists 200 Styles Furnished Without Die Cost. 


ed in Bulletin 21 are furnished promptly, 
without die cost, and in any alloy to meet 
your coking or corrosion problems. Special 
caps gladly designed; 
write as to your needs. 


THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. 
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OHIO VALLEY 


At the final meeting of the year, held 
June 4, 1951, an inspection trip was 
made of the Schoenling Brewing Co., 
Cincinnati, Ohio. 

At the May 7 meeting graduate stud- 
ents from the University of Cincinnati 
presented papers in the technical session 
held at the Herman Schneider Founda 
tion Building, Cincinnati. George D. 
Moon gave a paper on “The Effect of 
Surface Active Agents in Liquid-Liquid 
Extraction.” The second paper was de- 
livered by Richard F. Kayser entitled, 
“Problems in Obtaining Adequate 
Kinetic Data for Vapor Phase Catalytic 
Reactions.” 

The following officers were elected 
for the 1951-52 fiscal year: 

Chairman 

Vice-Chairman... ... 

Treasurer 

Secretary 


y Katzen 
.. Art Greber 


Reported by A. C. Greber 


SOUTH TEXAS 


Approximately 120 members and 
guests of this Section visited the Point 
Comtort Works of the Aluminum Com- 
pany of America at Port Lavaca, Tex., 
May 18. This represented the largest at- 
tendance the Section has had at a reg- 
ular monthly meeting in several years. 
After an inspection trip through the 
plant members and friends were guests 
of the Aluminum Company for refresh- 
ments and dinner. 

The evening program consisted of the 
showing of a film “This Is Aluminum,” 
a talk by G. R. Stout, works manager, 
concerning the over-all activities of the 
Aluminum Company, and an interesting 
speech on “Aluminum Chemicals” was 
given by J. W. Newsome, chief of chem- 
division of Aluminum Research 
located in East St. Louis. 

Mans are underway for the Sixth 
Annual Technica! Session to be held at 
Oct. 19, 1951. Dr. W. B. 
Franklin is serving as general chairman 
tor this all-day session. 


icals 


Galveston, 


Reported by Henry D. Foster 


ST. LOUIS 


An inspection trip to the A. E. Staley 
Manufacturing Co., Decatur, IIL, con- 
stituted the May 12 meeting of this 
Section. The trip started with an orien- 
tation lecture during which mimeo- 
graphed leaflets and flow sheets were 
distributed to 39 attending members. 
The remainder of the morning was spent 
in the monosodium glutamate unit and 
the pilot plant. After lunch at the 
cafeteria the afternoon was spent in the 
starch plant. 

A. T. Pickens 
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poe Custom Fabricators for the Process Industries Since 1928. Send Your Blue Prints 


A meeting was held May 10, 1951, 
at Knight Hall at the University of 
Akron, which began with an inspection 
trip of the chemical and physical testing 
laboratories of Knight Hall. The tour 
provided an opportunity to see a modern 
chemistry building containing mill, 
curing, and testing rooms with the latest 
equipment for rubber research and 
study. The speaker of the evening W. L. 
Davidson, director, physical research de- 
partment, B. F. Goodrich Co., talked 
on “Atomic Energy in Peace and 
War.” 

At a previous meeting, 65 members 
and guests heard a talk by W. IL. Burt, 
vice-president of manufacturing of the 
B. F. Goodrich Chemical Co. and vice- 
president of A.I.Ch.E., in which he 


gave brief descriptions of the functions | 


and duties of the various committees 
of the Institute. 


Henry H. Sheperd of the Bird Ma- | 


chine Co., South Walpole, Mass., spoke 
on Filtration and the facilities and filter 


equipment available by Bird for per- | 
formance and cost-conscious engineers | 


who, he said, can take advantage of a 
combination of Bird's experience in 
the field and then complete testing, re- 
search, and development facilities. 


Reported by Edmund Duplaga 
BOSTON 


Ichthyologists 
At the May 11 meeting, Dick Morse, 
president and founder of National Re- 
search Corp., gave a talk on “ 
New Ente 


essentials for getting a new enterprise 
under way. These essentials, he be- 
lieved, included an idea, an organization 
or team and capital. 


At a previous meeting Stanley Lovell, | 


president of Lovell 
Waterford, Mass., 
cover Engineering.” 


Chemical Co., 


talked on 


OSS director of research and develop- 
ment, was asked innumerable questions. 
His speech was screened for security 
reasons. 

The Annual Ladies Night was held 
June 1 at the Cambridge Yacht Club. 


Present were 130 members and their | 


Wives. 
Reported by R. Antonsen 
and H 


CLEVELAND 

A meeting of this Section was held 
May 22, 1951, at the research laborator- 
ies of the Standard Oil Co. of Ohie. An 
inspection trip through these facilities 
was followed by dinner. Following the 
dinner, movies entitled, “Industries of 
Ohio, and Waterways of Ohio,” 
shown. 


Avery 


Reported by G. H. Metzger | 
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Launching | 
In developing this | 
topic, he described in detail the required | 


“Under- | 
Dr. Lovell, former | 


BIN-DICATORS indicate level of 
materials in bins, 

chutes, etc., 

choking, underfeed, almost full, al- 
most empty, etc., to central control 
point by visible or — signals. 


Also, 


ally con 


of machinery as Nedicaned by any of 
above conditions. 

Always on the job—and doing it. Low 
first cost, negligible operating cost. 
Used on over 100 materials. Fully 
guaranteed. Write for free book. 


BIN-FLO Aerator Gate ho: 


restric 


THE BIN-DICATOR CO. 


13946-H Kercheval © Detroit 15, Mich. 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 
Fabricators and Designers for More 
Than 30 Years 


hi, 


contains 


were | 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


“ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 


TEST> STUDY CONTROL 


VISCOSITY 


As Simply, Quickly and Easily 


Just a flick of a switch, then read t 
Brookfield dial, and you have your vi 
cosity determination in centipoises. 'T’ 
whole operation, including cleaning u 
takes only a minute or two. 

Available in a variety of models sui 


materials, Brookfield Viscometers 
portable and nue in any A. C. outlet 
can be used in Lab, Plant or both. 

Write today for fully illustrated ca 
1 showing Brookfield Viscomet 
adaptable to any viscosity problem / 
less than one to 32,000,000 centipoises.” 


| 
Brooxrietp Counter-Rorar- 
inc Mixer — Two concentric, | 
© tely rotating shafts, pro- 
equipped and driven by | a 
two motors, produce an annular } ao 
flow and up to 48,000 scissor- és 


like cuta/minute. Enable excep- 
tionally fast, effective and ‘ “e 
laboratory mixing. Not 


stirrer.” Write for Brookfield 
MIXE R brochure. 
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FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the A.I.Ch.E. Program Committee 
Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y. 


MEETINGS 


Rochester, N. Y., Sheraton Hotel, 
Sept. 16-19. 1951. 


Technical Program Chairman: D. E. 
Pierce, General Aniline & Film 
a 230 Park Ave., New York, 
N. Y. 


Annual — Atlantic City, N. J. 
Chalfonte-Haddon Hall Hotel, 
Dec. 2-5, 1951. 


Technical Program Chairman: 
Frank J. Smith, Pan American 


SYMPOSIA 


Maintenance 

Chairman: D. E. Pierce, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y. 

Meeting—Rochester, N. Y. 


Industrial Applications of Photog- 
raphy 


Chairman: Carl Gath, Eastman Ko- 
dak Co. Kodak Park Works, 
Rochester, N. Y. 

Meeting—Rochester, N. Y. 


THEY ARE USED FOR THE CONTROL OF TEMPERATURE, 
PRESSURE, LIQUID LEVEL AND MECHANICAL OPERATIONS. 


THE MERCURY SWITCH IS A FEATURE IN toy yD CONTROLS 
THE REASON FOR THE MERCURY SWITCH IS THI 


WHICH ARE IMPC&TANT 
WHY CONSIDER LESS WHEN YOU CAN GET SO MUCH MORE 


WRITE FOR COMPLETE CATALOG 


THE MERCOID CORPORATION 
4201 BELMONT AVE. CHICAGO 4], ILL 


HIGH VACUUM PUMPS 
REQUIRE CLEAN OIL 


VACUUM PUMP USERS 


INSTALL HILCO 


OIL RECLAIMER SYSTEMS 
TO KEEP LUBRICATING 
AND SEALING OILS FREE 

OF 


WATER 
ano GASES 


tae HILCO 
OIL RECLAIMER 
is COMPLETELY 
AUTOMATIC 
FOR BETTER VACUUM AND REDUCED 
VACUUM PUMP MAINTENANCE 
COSTS INVESTIGATE THE 


HILCO RECLAIMER 


* WRITE FOR FREE LITERATURE 
. A RECOMMENDATION WILL 
BE MADE .. NO OBLIGATION 

ON YOUR PART. 


THE HILLIARD CORP. 
144.W. 4th ST, ELMIRA, 


IN CANADA ~ UPTON -BRADEEN-JAMES LTD. 
990 BAY TORONTO“3464 PARK AVE MONTREAL 
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Petroleum & Transport Co. 122 


East 42nd St., New York 17, N. Y. Round Table Discussion of 


Chemical Engineering Educa- 
Atlanta, Ga, Atlanta Biltmore tion 

Hotel, Feb. 17-20, 1952. Chairman: W. E. Gift, Tennessee 
Technical Program Chairman: H. E. Eastman Corp., Kingsport, Tenn. 

O'Connell, Ethyl Corp., Box 341, Meeting—Rochester, N. Y. 

Sa. Opportunities in Sales for Chemi- 
cal Engineers 


Chairman: F. J. Curtis, Monsanto 
Chem. Co., 75 Rust Bidg., 1001 
15th St. N.W., Washington 5, D.C. 

Meeting—Atilantic City, N. J. 

Chemical Engineering Funda- 
icago, Ill, Palmer House, S = 

Palmer House, Chairman: W. C. Edmister, Chem. 

Eng. Dept. Carnegie Inst. of 
Tech., Pittsburgh 13, Pa 

Meeting—Atlantic City, N. J. 


French Lick, Ind. French Lick 
Springs Hotel, May 11-14, 1952. 


Technical Program Chairman: W. 
W. Kraft, The Lummus Co., 385 
Madison Avenue, New York, 


Technical Program Chairman: 
Dahlstrom, Chem. Eng. 
Northwestern University, 

Evanston, II. Effective Speaking 

Chairman: L. P. Scoville, Jefferson 
Chem. Co., 711 Fifth Ave. New 
York 22, N. Y. 

Meeting—Atlantic City, N. J 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec. 
7-10, 1952. 

Technical Program Chairman: R. L. 
Savage, Dept. Chem. Eng., Case 
Inst. of Tech., Cleveland 6, Ohio. 


Vacuum Engineering 
Chairman: W. W. Kraft, The 
Lummus Co., 385 Madison Ave- 
Annual—St. Louis, Mo., Dec. 13-16, nue, New York, N. Y. 
1953. Meeting—French Lick, Ind. 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. 
should first query the Chairman of the A.I.Ch.E. Program Committee, Walter 

. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman 1f no 
symposium is involved and the other three copies should be sent to the Editor’s 
office. Manuscripts not received 70 days before a meeting cannot be considered. 
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PEOPLE 


Edward W. Comings will become 
head of the school of chemical and met- 
allurgical engineer- 
ing at Purdue Uni- 
versity, Lafayette, 
Ind., beginning Sep- 
tember 1, 1951, suc- 
ceeding R. Norris 
Shreve. Dr. Com- 
ings was educated 
at the University of 
Illinois where he 
graduated with 
high honors. He 
then went to Massachusetts Institute of 
Technology where he received the 
D.Se. degree. After spending several 
years as a chemical engineer with the 
Texas Co., Beacon, N. Y., he started 
teaching first at North Carolina State 
College in Raleigh, then going to the 
University of Illinois in 1936 as as- 
sistant professor where he advanced 
through the various ranks to become 
full professor in 1947, He was official 
investigator for the Office of Scientific 
Research and Development and assistant 
director, Munitions Development Labo- 
ratory at the University of Illinois. His 
research interests include such chemi- 
cal engineering subjects as liquid ex- 
traction and high pressure measure- 
ments. He contributed a chapter on 
Filtration to “The Applications of 
Chemical Engineering,” by Harry Mc- 
Cormack (ed.). He is no stranger to 
the Purdue Campus as he taught there 
for three summers. 
Professor Comings succeeds R. Nor- 
ris Shreve, a member of the engineer- 
ing faculty of 
Purdue University 
since 1930 who will 
resume his profes- 
sorship of chemical 
engineering. He 
will devote his time 
to his teaching, 
professional con- 
tacts, research and 
writing. Professor 
Shreve went to 
Purdue University after more than 20 
years of engineering and industrial ex- 
perience in designing, building and op- 
erating plants in the chemical industry. 
While at Purdue, Professor Shreve has 
written four books as author or co- 
author and some 70 technical articles. 


Edward R. Weidlein, formerly di- 
rector of the Mellon Institute of Indus- 
trial Research, University of Pittsburgh, 
Pittsburgh, Pa., is now president. This 
change is in accord with new bylaws 
recently adopted at the annual meeting 
of the board of trustees. Dr. Weidlein 
has also been elected chairman of the 
board. As in the past, when he was 
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director, Dr. Weidlein continues to be 
the chief executive officer of the cor- 
poration and as previously is in charge 
of the active management of all its 
affairs. 


CHANGES AT MONSANTO 
ST. LOUIS PLANT 
Robert E. Lenz recently became as- 
sistant to the director of the general en 
gineering department, Monsanto Chemi 
cal Co. Mr. Lenz joined the company’s 
Alabama plant in 1940 as a research 
chemical engineer, becoming plant engi- 
neer in its Dayton (Ohio) rocket pro 
pellent plant in 1942. In 1945 he be- 
came a chemical engineer in the com 
pany’s general development department 
at St. Louis and subsequently when the 
process engineering section of that de- 
partment was transferred to the general 
engineering department, he became its 
assistant manager. 


Clyde P. Orr, who succeeded Mr 
Lenz as assistant manager of the proc 
ess engineering section, joined the com 
pany in 1942 as a chemical engineer at 
the Merrimac division, Everett, Mass 
In 1946 he transferred to the general 
development department at St. Louis, 
and subsequently was named project 
engineer in 1949. 


William F. Scanlan, a_ graduate 
chemical engineer of Purdue and former 
assistant chief en 
gineer on a Navy 
troop transport, has 
joined the staff-of 
the Houston 
( Tex.) district 
sales office of the 
Whiting Corp. His 
four years’ exper- 
ience at the Swen 
son's Illinois plant 
in Harvey included 


engineering, sales and operating assign- 
ments in both the chemical and pulp and 


paper divisions. ° 


J. Gordon Mitchell, chemical engi 
neer of the Cumberland (Md.) plant of 
the Cajadian Chemical Co. Ltd., has 
become plant engineer of the Edmonton 
(Alta.) operation according to an an- 
nouncement by Harold Blancke, presi- 
dent of Celanese Corporation of Amer- 
ica. He has been with the company 
since 1929. 


James Tucker MacKenzie was re- 
cently awarded the 1951 Herty Medal 
for “outstanding contributions to chem- 
istry in the Southeast” by the Georgia 
section of the American Chemical So- 
ciety. Dr. MacKenzie is technical direc- 
tor of the American Cast Iron Pipe Co., 
Birmingham, Ala. 
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WHEN PURITY COUNTS 
USE 


VITREOSIL 


CRUCIBLES + DISHES 


Immune to 
Extreme Chemical, 
Thermal and Electrical 
Conditions. Non-catalytic. Non- 
porous. 
VITREOSIL CRUCIBLES permit the 
production of compounds of real 
purity; and do not absorb material 
lt is possible to wind Vitreosi! Cruci- 
bles with wire for direct electrical 
heating. Made in glazed and un- 
glazed finish. 
VITREOSIL DISHES for concentrat- 
ing, evaporeting and crystollizing 
acid solutions. Made in large and 
small sizes and types as required. 
VITREOSIL TRAYS are made in two 
types; four sided with overflow lip 
at one end for continuous acid con- 
centration; and plain. Our Techni- 
cal Staff places itself at your 
disposal for further data. For details 
@s to sizes, prices, etc., 


Write for Bulletin No. 8 
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THE THERMAL SYNDICATE, LTD. 

New York 17, New York , 

Page 43 


Patterson has designed and built many 
types of mixers and fermentation units 
for the production of antibiotics and 
enzymes, as well as for the biological 
conversion of chemicals. 


We can offer complete f tati 


units or agitator installations for your 
pilot plant or full plant scale opera- 


tions. Write us your requirements! 


The Patterson Foundry and 
Machine Company 


East Liverpool, Ohio, U.S. A. 

(NEW YORK BOSTON BALTIMORE 

‘PITTS®URGH DETHOIT CINCINNAT! CHICAGO. 
LOUIS HOUSTON DENVER LOS ANGELES. 
SAN FRANCISCO, SEATTLE 


PHILADELPHIA. 


Torento, Canada 


MONTREA 


J. J. O'Neill will head the new paint 

development laboratory within the chem 

ical division of the 

Goodyear Tire & 

Rubber Co. Mr. 

O'Neill has had 10 

years’ experience as 

research and devel- 

opment chemist in 

the paint industry 

and is the holder of 

several patents on 

the development of 

petroleum resins 

He holds a degree in chemical engi- 

neering from Drexel Institute of Tech- 

nology, Philadelphia, Pa. He will de- 

vote most of his time to further refine- 

ments for Pliolite S-5, the company’s 

synthetic material which is used in the 

paint industry in the formulation of 

chemical resistant finishes, stucco, alum- 
inum finishes, ete. 


Carl S. Carlson, a research chemist 
with the Standard Oil Development Co., 
Elizabeth, N. J., is the new national 
vice-president of Phi Lambda Upsilon, 
honorary chemical society. Early in his 
career Dr. Carlson was assistant pro- 
fessor of chemical engineering at 
Louisiana State University and later 
transferred to the University of Penn- 
sylvania. Subsequently he was 
ciated with the Shell Oil Co., and in 
1945 he joined the Standard Oil Devel 
opment Co, 


asso- 


I. M. LeBaron, research engineer 
with International Minerals & Chemi- 
cal Corp. 
1942, has been ap- 
pointed director of 
the corporation's 


since 


labora- 
With 


Chicago 


research 
tories. 
fices in 
and in Mulberry, 

Fla., Dr. LeBaron 

will continue to re- 

port directly to the 

vice-president in 

charge of research and will aid him in 
special assignments. Dr. LeBaron, in- 
ventor or co-inventor of various pat- 
ents, held teaching fellowships at 
Rhode Island State College, New York 
University, Louisiana State University 
and the Colorado School of Mines. He 
received a Dr. Eng. from Colorado 
School of Mines in 1941 and from that 
year to 1942 he was research engineer 
for the Aluminum Company of America 
at its research laboratories in New Ken- 
sington, Pa. With Aluminum Company 
of America he worked on the develop- 
ment of high strength aluminum alloys. 
Since joining International he has been 
responsible for many developments 
among them a process for concentration 
of manganese ores. 
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Bernard R. Sarchet has been named 
manager of Koppers’ Kobuta plant at 
Monaca, Pa., and will also be responsi- 
ble for the operation of the adjacent 
government butadiene plant, having 
been formerly in charge of its reactiva- 
tion. Mr. Sarchet received his Master's 
degree in chemical engineering from the 
University of joining the 
Koppers Co, as an operator in its engi 
neering and construction division in 
1941. He was subsequently general 
foreman of the company’s butadiene di- 
vision at Kobuta; supervising engineer 


Delaware, 


in its research and chemical engineering 
department; and manager of the chem- 
ical division at the Oil City plant. 


Gaur Gopal Modak is a_ chemical 
engineer in training with the Consoli- 
dated Mining & Smelting Co., Ltd., 
Trail ¢<B.C.) Canada. Prior to this 
assignment he was chemical engineer 
with Pfaudler Co., Rochester, N. Y. 


Richard L. Marion has been ap- 

pointed research chemist of the Sun 

Rubber Co., Bar- 

berton, Ohio. He 

will be primarily 

concerned with co- 

ordinating the work 

of Sun’s laboratory 

with manufactur- 

ing operations in 

the development of 

new processes and 

improvement of ex- 

isting techniques. 

Marion goes to Sun from Fenn Col- 

lege in Cleveland, where he served as 

instructor in chemical engineering for 

the past four years. He holds a B.S. 

degree in chemical engineering from 

Purdue University and has completed 

six years of graduate study at Buffalo 

University and Case Institute of Tech- 

nology. His background includes two 

years as senior research engineer with 

the National Aniline division of Allied 
Chemical & Dye Corp., Buffalo, N. Y. 


H. L. TRUMBULL RETIRES 


Harlan L. Trumbull, who in 1947 was 
named by the American Chemical So 
ciety as one of the ten “ablest chemists 
and chemical engineers” working in the 
American rubber industry, has retired 
after 32 years with the B. F. Goodrich 
Co. Dr. Trumbull worked on many ma- 
jor government assignments during 
World War II, in which period he made 
two inspection tours of German syn- 
thetic rubber operations. During World 
War I he helped to establish the U. S. 
Army’s Chemical Warfare Service. Dr. 
Trumbull is credited with the achieve- 
ment of making latex out of rubber. He 
received his Bachelor's and Master's de- 
grees in chemistry at Univ. Washington. 
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the Pacific 

Northwest Forest 

and Range Experi- 

ment Station is 

being transferred 
from Portland to | 

the U. S. Forest 

Products Labora- 
tory in Madison, | 

Wis. He will be 

chief of the divi- 

sion of derived 

products, which 

conducts research in wood chemistry. 
Dr. Locke received a B.S. degree in 
chemical engineering in 1928 from Ore- 
gon State College and a Ph.D. in or- 
ganic chemistry from Ohio State Uni- 
versity in 1932. After employment as a 
chemist for the Ohio State Highway 
Commission and private firms, Dr. 
Locke returned to Oregon State College 
in 1936 as assistant professor of chem- 
ical engineering. He was a chemical 
engineer in the industrial and resource 
development division of Bonneville 
Power Administration from 1942 to 


1944. He spent five months in 1945 in | H A R D I N aay. G E 
Europe primarily investigating the 4 


chemical utilization of wood in Ger- | COMPANY 3 INCORPORATED 


many. 


John E. McKeen, president of YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


Charles Pfizer & Co., Brooklyn, N.Y. NEW YORK 17 @ SAN FRANCISCO II ¢ CHICAGO 6 © HIBBING, MINN. @ TORONTO 1 
was awarded the honorary degree of | 199 € 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


doctor of engineering by the Polytech- 
nic Institute of Brooklyn at the 96th “lo 
annual commencement held June 13 in 


the Brooklyn Academy of Music. Mr. | A.I.Ch.E. MEMBERSHIP INFORMATION 

McKeen entered the employ of Charles 

Pfizer & Co. as a control chemist upon | S. L. TYLER, Secretary ' . 

his graduation from Polytechnic with American Institute of Chemica Engineers 
120 E. 41st St. 


New York 17, New York 


cst lation service in the Paste) HARDINGE CONICAL MILL 


‘4 


No dead corners... 


Truss-like structure... Ball segregation... 


Write for Bulletin 17-B40 describing Conical Mills 
for dry grinding—or Bulletin AH-389-40, wet grinding. 


the degree of chemical engineer. 


formerly Dear Sir: Please send me information regarding membership 
ager of the plant development section 


ganic chemicals de- 
partment, has been 
named assistant di- Address: 
rector of the com- 
pany's development 
department. Dr. 
Holbrook has been 
associated with 
Du Pont since 
1933, serving suc- TIME eee 
cessively as re- 
search chemist; head of the new prod- | With 
ucts division; and assistant director of : 
the Jackson Laboratory, Deepwater | 
Point, N. J. Following a short period 
as general superintendent of develop- j 
ment of the company’s Chamber Works, Mlustrated 
in 1949 he transferred to the Wilming- Ltevahne 
ton plant, where he served as assistant 


Name: 


director of the organic chemicals depart- | 
ment’s technical division, then depart- 
ment engineer. Later he was named 
manager of the plant's development sec- 
tion. 


E | L PROCESS EQUIPMENT CORPORATION Sales Representatwes 
H 12901 Elmwood Avenue, Cleveland, Ohio in all Principal Cittes 
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CHILTON HONORED FOR 
SERVICE TO A\S.A. 


Thomas H. Chilton, president of 
A.1.Ch. E. and technical director, devel- 
opment engineering division, engineer- 
ing department, Du Pont Co., has been 
awarded a certificate of service by the 
American Standards Association in rec- 
ognition of his work in the development 
of American standards. Dr. Chilton has 
just retired as a member of the A.S.A. 
Standards Council where he represented 
the American Institute of Chemical 
Engineers. More than 2,200 leading in- 
dustrial firms are members of A.S.A 
in addition to 110 national technical so 
cieties and trade associations. 


K. Nagaraja Rao, a native of Banga- 
lore, India, has gone to Indonesia undet 
a six-month contract with that govern- 
ment, to aid in developing a technical 
training program for the small-scale 
workshop industries. This effort at pro- 
moting the standard of living and the 
national income will be under the joint 
financing of the E.C.A. technical assis- 
tance program and the Indonesian gov- 
ernment. Rao, a chemical engineer with 
the Institute of Gas Technology, Chi- 
cago, received a Bachelor’s and Master’s 
degree from the University of Mysore, 
India, and worked for his Master's and 
Ph.D. degree in chemical engineering 
at the Illinois Institute of Technology. 


Allen N. Smith has been promoted 

from assistant professor to associate 

professor of chem- 

ical engineering at 

the University of 

Louisville, Louis- 

ville, Ky. Dr. 

Smith is a graduate 

of Tulane Univer- 

sity and was 

awarded a Master's 

degree in chemical 

engineering at 

Georgia School of 

Technology (1943) and a Ph.D. degree 

in chemical engineering at Oregon State 

College (1948). A member of several 

technical societies, he is a registered 

professional engineer in the state of 
Kentucky. 


William E. Ranz has been appointed 
assistant professor of chemical engi- 
neering at the University of Illinois, 
Urbana, Ill. Dr. Ranz received his 
Ph.D. degree at the University of Wis- 
consin, and has been on the staff of the 
Engineering Experiment Station at 
Illinois for the past year. 


John R. Bowman, head of the Mel- 
lon Institute’s department of research in 
physical chemistry, concurrent with re- 
cent changes, has been added to the 
executive staff of the Institute. 


Nicholson Steam Traps 


CUT HEAT-UP TIME 48% 


A large processor recently reduced the heating cycles of cookers 
Z from 105 min. to 50-60 min., by substituting Nicholson thermo- 
static steam traps for a mechanical type. This effected a gratify- 
ing production increase of 37%/,. Reasons for Nicholson's faster 
heat transfer: operate on lowest temperature differential; 2 to 6 


Type AU 


times average drainage capacity; 
why an increasing number of leading plants are standardizing on 
Nicholson thermostatic traps send for our catalog. 


5 TYPES FOR EVERY APPLICATION, process, heat, 
power. Sizes, '/4" to 2"; press. to 225 Ibs. 


W. H. NICHOLSON & CO., 214 Oregon St., Wilkes-Barre, Pa. 
Sales and Engineering Offices in 53 Principal Cities - 


ting. To learn 


m air v 


Type A 
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Reuel C. Stratton, supervising chem- 

ical engineer of The Travelers Insur- 

ance Companies of 

Hartford, Conn., 

who for several 

years has been sole 

liaison representa- 

tive between the 

life insurance in- 

dustry and the 

United States 

Atomic Energy 

Commission, has 

recently been ap 

pointed a member of the hazards survey 

group of the Atomic Energy Commis- 
sion. 


Ralph H. McCormack has been ap- 
pointed professor of chemical engineer- 
ing at the Univer 
sity of Detroit. Dr. 

McCormack joined 
the Detroit staff 
May | to take part 
in the University’s 
plans to expand 
the program in 
chemical engineer- 
ing to include grad- 
uate study and to 
enlarge its research 
activities. A graduate of the University 
of Chicago, the University of Illinois 
and Virginia Polytechnic Institute, Dr. 
McCormack taught chemical engineer- 
ing at Pratt Institute from 1937-1951. 
He was associated with the National 
Lead Research Laboratories from 1944- 
1950 and continues that association as 
consultant with the Baker Castor Oil 
Co. He is the author of numerous sci- 
entific papers on solvent extraction. 
Tonkonogy, 


Alwin president of 


| Process Plants Engineering Co., New- 


ark, N. J., recently 
announced the 
opening of the 
company’s new 
office in the Indus- 
trial Office Build- 
ing, Broad Street, 
Newark. The ex- 
panding activities 
in the design and 
construction of 
chemical and proc- 
ess plants necessitated the move. Since 
1932 Mr. Tonkonogy has been affiliated 
with several companies including the 


| Industrial Gas Engineering Co., Na- 


tional Grape Corp., Industrial Process 
Engineers, and the Kellex Corp. He 
has been associated with the Process 
Plants Engineering since July, 1950. 


| Mr. Tonkonogy received an M.S. in 


Heat Transfer Chemistry from the 


| University of Tennessee. 


(More About People on page 48) 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at !5c a word, with a minimum of four lines accepted. Box number 


counts as two words 


Advertisements average about 


six words a Members of the 


line. 


American Institute of Chemical Engineers in good standing are allowed one six-line insertion 


free of charge per year. 
usin 


made available on that condition 
an insertion. Size of type 
box numbers should be addressed care 


120 East 4!Ist Street, New York 17, N. Y. 


i ; More than one insertion to members will be made at half rates. In 
the Classified Section of Chemical Engineering Progress it is 
employers and employees that all communications will 


by prospective 


be acknowledged, and the service is 


Boxed advertisements one-inch deep are available at $15 
may be specified by advertiser 


In answering advertisements al! 


of Chemical Engineering Progress, Classified Section, 
Telephone ORezon 9-1560. 


Advertisements for this 


section should be in the editorial offices the 20th of the month preceding the issue in which 


it is to appear. 


SITUATIONS OPEN 


CHEMICAL ENGINEER 


Large Western New York synthetic 
organic chemical plant, noted for its 
high-quality manufacturing standards, 
has attractive permanent position for 
chemical engineer with 2 to 3 vears’ 
industrial experience on plant engi- 
neering projects. Liberal starting sal- 
ary, with periodic review of perform- 


ance for salary increases. Excellent 
working conditions, cafeteria, pension 
plan, plus group life, sickness and 
accident insurance Reply in conf 


dence to: Superintendent of Personnel 
Relations, Box 3-7. 


PROFESSOR AND HEAD OF DE- 
PARTMENT OF CHEMICAL ENGI- 
NEERING Desired qualifications: 
Ph.D. in chemical engineering, teach- 
ing and industrial experience, special 
competence in chemical engineering 
thermodynamics. 


ASSISTANT PROFESSOR OF CHEMI- 
CAL ENGINEERING Desired quali 
fications: M.S. in chemical engineering, 
teaching and industrial experience 


Both of the above positions in a small 
sndowed college of engineering located 
in metropolitan New York. Opportuni 
ties for consulting and research, but 
emphasis on undergraduate teaching 


Standard academic responsibilities, 
privileges, and compensations. Appli 
cants must be prepared to start Sep- 
tember 6, 1951. Send full resume to 
Box 21-7 


PROCESS ENGINEER 


Recent graduate or chemical engineer 
with one or two years’ oil refinery ex- 
perience desired. Letter should include 
details of education, experience, family 
and military status and salary ex- 
pected. Personal interview can be ar- 
ranged. Box 4-7. 


SALES ENGINEER—For New York and 
Eastern territory by an Ohio manufacturer 
of process tanks, heat exchangers, and 
chemical-proof specialties Must train 
several months at plant. Advise training 
and salary requirements. Box 5-7. 


EMPLOYMENT OPPORTUNITY 
CHEMICAL ENGINEER: M.S. or B.S. 
level, 3-5 years’ experience desirable 
for work on high pressure boiler re- 
search in water chemistry and water- 
treating problems. Opportunity for ad- 
vancement in well-equipped research 
department of reliable company. Lo- 
cation Northern Ohio. Box 6-7. 


EMPLOYMENT OPPORTUNITY 


CHEMICAL ENGINEER: B.S. or M.S. 
for work in research department of 
major equipment manufacturer. Three 
to five years’ experience desirable in 
research on wood-pulping processes 
and development of equipment. Oppor- 
tunity for advancement Location 
Northern Ohio. Box 7-7. 


YOUNG CHEMICAL ENGINEER—Well fa- 
miliar with soda ash and paper and pul, 
plants design, urgently needed for well- 

id and extremely pr « i 
ol write with detail of experience to 
Box 17-7 


SITUATIONS WANTED 
A.1.Ch.E. Members 


CHEMICAL ENGINEER — Experienced in 
handling design and erection for the com- 
plete plant as project engineer. Bulk of ex- 
perience in detergents, pharmaceuticals, and 
organic chemicals. Seeking position as 
chief engineer. New York area. Box |!-7. 


CHEMICAL ENGINEER—34, family. Eight 


years supervisory development and process 


engineering on petroleum and petro 
chemical pilot plants, and four years on 
commercial chemical plants Desire re- 


sponsible position with opportunities, re- 
quiring technical, administrative and or- 
ganizational ability. Box 2-7 


CHEMICAL ENGINEER—Now in academic 
work desire permanent industrial employ- 
ment Five years’ industrial, ten years’ 
teaching and consulting experience. Ph.D. 
degree, licensed. Special interest in equip- 
- development and process design. Box 
8-7. 


CHEMICAL ENGINEER—-MChE. Age 31. 
Supervisory experience in pilot plant de- 
sign, construction, operation, and correla- 
tion of data. Experience in petroleum, 
heavy chemicals, and instrumentation. 
Desire responsible Minimum 


sition. 
salary, $7500. Box 9° 


PROJECT ENGINEER—M.ChE. Ten years’ 
diversified design and production expe- 
rience both organic and inorganic industry. 
Excellent pilot plant deveiopment develop- 
ment experience. Age 33. married. Desire 
executive-type work with ruture. Box 10-7. 


CHEMICAL ENGINEER—B.ChE., 1948, mar- 

rie Diversified experience in setting-up 
and trouble-shooting production 
Government Arsenal. Desire position where 
chemical background and production ex- 
perience can be united. Location immate- 
rial. Box 11-7. 


CHEMICAL ENGINEER — B.ChE.. 
Eleven years’ experience in 
development, chiefly 


lines in 


1940. 
research and 
organic processes. 


Desire responsible position in research and 
development. 
7. 


Location immaterial. Box 
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SALES, PRODUCTION, 


Ambitious chemical 
offers ability, 
sonality, 


engineer, M.Ch 
experience, persuasive per- 
integrity, 344 years heavy chemi- 
cal sales. 6 years industry, } years gradu- 
ate study Record well above average 
Single, age 31. Now employed. Box 13-7 
CHEMICAL ENCINEER—D Eng. Fall 195! 
Plant design, development, consulting, 
teaching experience Strong background 
kinetics, thermodynamics, unit operations 
Veteran, family, 34. Qualified for liaison; 
consultation, research, development, super 
vision. Box 14-7 


REGISTERED CHEMICAL ENGINEER—Ex- 


tensive successful experience management 


medium-size inorganic chemical plants with 
organic and inorganic researc and de- 
velopment departments. Seeking heaviest 


responsibilities. Box 15-7 


CHEMICAL ENGINEER PROFESSOR—M.LT. 
Doctor, licensed engineer, A.LL.Ch.E. Active 
member, nine years research, development, 
process design and teaching experiences, 
is looking for more responsible position in 
industry or university Specialty unit 
operations, fluidization, thermodynamics, 
synthetic organic and heavy chemicals 
Box 16-7 


CHEMICAL ENGINEER.B.S. Receive M. 8. 
Sept. Two years varied experience in re 
search and process development. Married, 
veteran, age 27. Desire position in develo 
ment or process design. Prefer New York 
New Jersey area, but will consider others 
Available Sept. Box 16-7 


CHEMICAL ENGINEER-B.S.. age 37. Fif- 
teen years of intensive and successful work 
in organic chemicals, including process de- 
velopment, equipment design, and produc- 
tion management Seek challenging po- 
sition. Prefer eastern U. S. $10,000 mini- 
mum. Box 19.7 


CHEMICAL ENGINEER —B.ChE. Catholic 
Univ. of America, June, 1951. Age 27, 
single, draft exempt. Interested in pro 


duction work, process design and technical 
sales. Location immaterial and willing to 
travel. Box 20-7 


CAREER 
OPPORTUNITY 
FOR 
PROCESS ENGINEERS 


Southern California 


Prefer men with advanced 
Chemical Engineering De- 
gree. At least three years’ ex- 
perience in process-design of 
petroleum refining or chemi- 
cal-process plants. Must be 
able to meet customers. 


Please send a detailed sum- 
mary of your education, ex- 
perience, and personal history. 
Also include a recent photo 
of yourself. All replies will 
be kept confidential. Address 
your letter to Personnel 
Department. 


Cc. F. BRAUN & CO. 
1000 South Fremont Avenue 
ALHAMBRA, CALIFORNIA 


Page 47 


‘ 
in 
4 
‘ 
i 
{ 
— a 3 
t 
| 
« - 4 
— 


PACIFIC 


CORROSION RESISTANT % 


150 LB. SERIES 
GATE VALVE 

O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 8” . 
Ser'd. Ends: to 3” 
Manufactured to M.S.S. 
St'ds. Also Available 
with A.S.A. Flanges. 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge 
Ser'd. Ends: '4” to 2” 
Manufactured to 
M.S.S. St'ds. 


600 LB. SERIES 
GATE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: '4” to 2” 
Ser'd. Ends: to 2” 
Manufactured to 
A.S.A, and A.P.1. St'ds. 


150 £B, SERIES 
GLOBE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: ',” to 4” 
Scr'd. Ends: '4” to 
Manufactured to 
M.S.S. St'ds. 


150 LB. SERIES 
' SWING CHECK 
Bolted Bonnet 
Fig'd. Ends: to 4” 
Ya” to 
Manufactured to 
MS.S. St'ds. 


@These Valves are reguiarly furnished of 
Type 316 of Alloy 20 Stainless Steels. Orher 
available Corrosion Resistart Alloys. including 
Monel and Mastelioy can be supplied 


PACIFIC VALVES, INC. 


3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 

TELEPHONES: LB. - 40-5451; Los Angeles - NEvode 6-2325 

TELETYPES: 1.8. - 8-8076; New York City - 1-1077 
Houston, Texas - HO 489 
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PEOPLE 
(Continued from page 46) 
Henry Avery has been appointed 
manager of the plasticizer division of 
the Pittsburgh 
Coke & Chemical 
Co. He will be re- 
sponsible for di- 
recting and coordi- 
nating the divi- 
sion’s expanding 
production, 
technical service 
and development 
activities. He will 
be located in the 
central office of the company in the 
Grant Building, Pittsburgh, Pa. 

Mr. Avery graduated from Massachu- 
Institute of Technology in 1941 
with a degree in chemical engineering. 
During World War II he served three 
and one-half years overseas. 

While on the staff and faculty of the 
Ordnance Department Mr. 
Avery wrote many technical articles 
“Ordnance Lessons Learned 
During the Italian Campaign.” He re- 
ceived the U. S. Legion of Merit and an 
Italian medal. In May, 
1947, after a year at the Florida naval 
stores plant of G. L. Cabot, Inc., Mr. 
Avery was transferred to Cabot’s Bos 
ton headquarters as plasticizer sales and 
product development engineer. 


sales, 


setts 


overseas, 


such 


as 


Government 


While in Boston he was secretary of 
the Boston Section of A.1.Ch.E. 


Ben King Duffy, engineer, 
General American Transportation Corp.. 
Chicago, IIl., has been appointed district 
sales manager of the plate and welding 
division for the Pittsburgh district of 
the company. Mr. Duffy will have 
charge of sales for such General Amer- 
ican products as are fabricated by the 
company’s plate and welding division, as 
well as Wiggins conservation structures 
and Wiggins gasholders 


Lyman Hall Allen, Jr., formerly 
with Foster D. Snell, Inc., has been ap- 
pointed division engineer of the viscose 


sales 


section of the central engineering de- 
partment of Corporation of 
America. He went to Snell late in 1950 
from the American 
Philadelphia, Pa. 


Celanese 


Viscose Corp., 


Henry E. Ford, who has been as 
sistant director of Du Pont’s develop- 
ment department since 1942, became di 
rector of the department June 1. Mr. 
Ford started with Du Pont in the ex- 
plosives department immediately after 
his graduation from the University of 
Pennsylvania in 1922. He began as a 
chemist in the Eastern Laboratory. Sub 
sequently he became supervisor of pro- 
duction at the Repauno Works, superin- 
tendent of power and later of acid pro- 
Sarksdale ( Wis.) works, 


Chemical Engineering Progress 


later returning to Repauno as superin- 
tendent of acid production. He served 
Du Pont also in its London office as as- 
sistant manager and manager. He re- 
turned to Wilmington and entered the 
development department in 1939. 


William T. Dickens has been ap- 
pointed manager of the new Monsanto 
Chemical Co.’s plastics plant at Cincin- 
nati, Ohio. He actively participated in 
the Cincinnati project since its inception 
last year. Mr. Dickens received his 
chemical engineering degree from Yale 
in 1938 and joined Monsanto that year 
as a research engineer. The next ten 
years, he successively a design 
engineer in the general engineering de- 
partment; area supervisor and later pro- 
duction superintendent in the Texas 
City (Tex.) plant, and general super- 
intendent of the Lustrex styrene depart 
ment in Springfield. Subsequently he 
was named plant manager, and later pro- 
duction representative for the new plant. 


was 


Wallace F. Armstrong has been ap- 
pointed works manager of Ethyl Corp.'s 
new chemical plant now under construc- 
tion in Houston, Tex. Mr. Armstrong, 
who received his M.S. in chemical engi- 
neering from the University of Florida, 
joined Ethyl in 1939 and has been super- 
visor of the ethyl chloride operations in 
Jaton Rouge, La., for the past six years. 


Necrology 
Cc. E. SHAFER 


Charles E. Shafer, Jr., shift super 
visor of the General Electric Co., Rich- 
land, Wash., died He had 
previously been associated with the 
Du Pont Co., in Old Hickory, Tenn.. 
and at Oak Ridge, Tenn., and in Rich- 
land. In September, 1946, he accepted 
an appointment with the General Elec- 
tric as shift supervisor on the Atomic 
Energy Commission contract. He was 
graduated from Oklahoma A & M 
College with a B.S. in chemical engi 
neering in 1941. 


D. V. MOSES 


D. V. Moses, a technical superinten 
dent at the Du Pont Belle (W. 
Va.) plant, died recently. He was a 
native of Ames, where in 1925 
he received his Ph.D. in chemical engi- 
neering from lowa State College after 
teaching there for six vears. He then 
spent four years on water treatment 
with the Gover Corp. before joining the 
Du Pont Co. in 1929. He was regarded 
authority treatment, 
waste disposal, synthesis gas generation, 
and automatic analytical devices for 
gases. He was a member of the Amer- 
ican Water Works Association and 
West Virginia Disposal 
Association. 


recently. 
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? ) To Make Better Copper 


Making : “ copper depends on the constant circulation of hot, corrosive 
copper sulphate. This battery of Neagle type TW pumps guzzles hundreds of gallons 
of this metal ravaging mixture a day in @ smelting and refining plant. Famous Nagle 
features like these will keep on the job years longer: select corrosion-abrasion alloys 
for water end parts, ample slippage seal adjustment, maintenance that is a marvel 
of simplicity. Follow the lead of hundreds of Nagle pump users. Write today for 
the complete Nagle solution to your most corrosive or abrasive pumping problems 


«+. vertical, horizontal and self priming. 
Inc. 


INOUSTRiat ABUSiVE APPL I CAaATiOn 


= . 
1255 Center Ave. Chicago Heights, II. 


IS VACUUM 
THAT'S 99.99% PERFECT 


good enough for your process? 


Tuts degree of vacuum is easily 
obtained with the Croll- olds four or 
five-stage steam jet EVACTOR, with no 
moving parts. Each stage from a technical 
standpoint is a¢ simple as the valve that 
turns it on. Numerous four-stage units are 
maintaining industrial vacuum down to 0.2 
mm. and less, and many thousands of one, 
two and three-stage units are maintaining 


| vacuum for intermediate industrial require- 


ments on practically all types of processing 
equipment. 


: staff of many years experience has specialized on this type of 
at and ts at your Why not write today, outlining your vacuum 
problem 


a 


CROLL-REYNOLDS CO., INC. 


1) JOHN STREET, NEW YORK 38, Y. 
Chill-Vactors Steam Jet Evactors Condensing Equipment 
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Badger & Sons Co., E. B 5 = 
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\ 
Croll Reynolds Ce., Ine Gu ng Corrosive Cocktails 
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t 
Lewrence Machine & Pump Corp.......... 36 4 
General 
| 
M | 
Mercoid Corp 42 | 
F 
‘ 
’ By permitting water, aqueous solutions or any volatile liquid to evaporate ih 
under high vacuum and without heat from an outside source, enough BTU's can “ 
be removed to chill the — down to 32° F., or even lower in the case of solu- 
tions. This is the principle of the Croll-Reynolds “Chill-Vactor.” Hundreds of 
these have been installed throughout the United States and in several foreign coun- 
tries 


the complete line of SHARPLES continuous centrifuges.... 


your assurance of unbiased recommendations 


Does your process involve the continuous separation of two immiscible liquids ? Must you 
remove or recover large quantities of solids from slurries, or dehydrate crystals? ls there 
some valuable by-product which it would pay you to recover, if processing could be 
done continuously and economically ? 


In the complete line of Sharples continuous centrifuges . . 


. you will find the centrifuge 


best suited to your particular clarifying, separating, or classifying job. Sharples gives 
you the complete choice. It will pay you to investigate. 


SUPER 
CENTRIFUGE 


Highest centrifugal 

force commercially 

available (13,200xG) 

is developed by this 

tubular bowl con- 

tinuous centrifuge. 

Easy to clean, it can 

be used to separate 

immiscible liquids with small dif- 
ferences in specific gravity or to 
effectively clarify liquids. 


cauvenees 


This dise 

type, contin- 

uous centri- 

fuge utilizes 

the stratifica- 

tion principle 

which is most 

effective in concentrating a liquid 
or solid phase suspended in 
another liquid. 


NOZLJECTOR 


Solids are con- 

tinuously dis- 

charged from 

the dise type 

bow! of this high 

efficiency cen- 

trifuge which is 

widely used for separation of 
two immiscible liquids con- 
taining solids, or for the con- 
centration of solids in a liquid 
phase. 


DV-2 
CENTRIFUGE 


Solids ranging 

from firm to 

slimes and 

sludges are han- 

died by this ver- 

satile centrifuge, 

with continuous 

solids discharge. 

Available as a 

clarifier to re- 

move solids from liquids: or 
a separator, to separate two 
immiscible liquids in the 
presence of solids. 


SUPER-D-HYDRATOR 


tremely 

flexible, 

completely 

automatic 

centrifuge 

for recov- 

ery and de- 

hydration 

of crystals. Efficiently handles slur- 
ries with 15 to 60°; solids. Each 
step of feed, rinsing and drying can 
be individually controlled. 


SUPER-D-CANTER 


High capacity centrifuge for re- 
moval of solids from liquids... 
clarification of liquids . . . classifi- 
cation of solids. Available in two 
bow! types to accommodate wide 
range of solids consistencies. 


Our Engineering Staff is always available to you. Feel 
free to call on their experience to analyze your needs 
and recommend the centrifuge that will do your job BEST. 


SHARPLES 


(( CSrsurcas THE SHARPLES CORPORATION + 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORK BOSTON PITTSBURGH CLEVELAND ¢ DETROIT CHICAGO NEW ORLEANS © SEATTLE LOS ANGELES SAN FRANCISCO HOUSTON 
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THE MILTON ROY 


where? 


The new Milton Roy “Titronic” System utilizes one 
side of a Duplex Controlled Volume Pump to auto- 
matically and continuously titrate a sample from the 
liquid bath. The other side of the pump meters to the 
sample, in direct ratio and exact proportion, a fixed 
quantity of the titrating medium. 


It makes it possible to control the strength of a caustic 
or acid bath where there is relatively little change in 
conductivity, pH value, specific gravity or other vari- 
able between the desired control limits. 


For example, if control is desired on a caustic bath a 
standard solution of phosphoric acid might be added 
to the caustic sample. The mixture of the two reagents 
would then give a resulting pH value on the steep 
portion of a curve that would directly indicate the 


“TITRONIC” SYSTEM 


strength of the bath. A meter measuring this pH value 
would automatically set the feed of strong caustic to 
maintain the standard strength of caustic required in 
the bath, increasing the feed in the event that the titra- 
tion indicated a falling pH value below the control 
point, or decreasing the feed of caustic soda in the 
event that the titration indicated a bath of higher 
concentration than required. 


Applications include maintaining strengths in acid or 
alkali baths, control of bleach baths or reducing baths 
by measurement of oxidation potential instead of pH 
value and others. Each application must be studied to 
determine the proper control point to be used accord- 
ing to the slope of the titration curve, desired buffer 
action, etc. Inquiries are invited. 


1379 E. MERMAID LANE, CHESTNUT HILL 
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most flexible and 


A panel of three F&P Ratio-Con- 
trollers blending wood pulp 
slurry with one additional record- 
ing-controller. Also shown are 
large-capacity RATOSLEEVE flow 


meters ond control valves. 


@ WIDE RANGE OF APPLICATION 
A choice of F&P primary elements is available to handle a } 
choic primary ments i i sys the: 


range of flows as low as 4-40 cc/min liquid for pilot plant 


blending or treating-reagent additions to any measurable : of { 
fluids (liquids, gases, slurries) in 


high capacity flow in closed or open channels. 


@ WIDE RANGE OF MEASUREMENT " two or more pipe lines. The various 
The wide-range linear flow scales of F&P primary ele- ; ts utilize electrical, elect fe or 


ments permit outstanding rangeability of flows under 


all conditions—not merely at or near design ratio. * alias in 
@ WIDE RANGE OF SETTING —— pacumatic:-trensa ystems in any 
suitable combination. These systems can 


Controlled flow can be in any desired ratio to “wild” ; 
or uncontrolled flow. Ratio selector scales are i 
graduated from 15% to 600% (scale length is 4 be readily tied in with machine speeds, 
7”). Pneumatic-set rutio is available for applica- 
tions such as pH conirol. Vernier adjustment can ; positive displacement? meters, metering 


be supplied for extreme precision of setting. ; pumps, or dry dood 


@ COMPLETE RATIO-CONTROL 
SYSTEM WRITE FOR CATALOG 53 
Full responsibility for the proper coordina- 
tion and smooth performance of the various 
components of the system is vested in 
Fischer & Porter, manufacturer of the pri- ROL 
mary elements (FLOWRATOR meters, ; FISCHER 2 PORTER COMPANY 


V/A Cell Kinetic manometers, and 
others)—secondary elements (RATO- ; -HATBORO, PENNSYLVANIA, U.S.A 


MATIC control instruments) — and 
VALVRATOR control valves. 


SOLES ENGINEERING OFFICES THROUGHOUT Tee 


pene 
AUTOMATIC FLOW RATIO CONTROLLER : 
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